oO 
m 
oO 
m 
= 
o 
m 
z 


6S6l 


SOVIET SOIL SCIENCE 


A. P. MAZURAK, Editor 
Department of Agronomy, University of Nebraska 


Patricia Haley | 
Assistant Editor | 


American Institute of Tue translation and publication 
Biological Sciences this and other Russian language biologie 
Cie journals and monographs is a project of th 
Tie M Gonamponn: Prenton American Institute of Biological Sciences 


Bernarp 8. Meyer, Vice-President This project is supported by grants fro. 
F. P. Cunuinan, Secretary-Treasurer the National Science Foundation. Hae! 


EHeecutive Director 
Hwen T. Cox 


Chairman, 


Committee on Translations 


Frep R. CaGcur 


Director of Publications 
Francis C. Harwoop 


Governing Board 


GEORGE BEADLE 
Apert P. Buarr 
Frep R. Cacir 
Davin E. Davis 

E. L. Dunanry 
Watuac™e O. Fenn 
CLIFFORD GROBSTEIN 


A. M. Guan 


Freeman S. Howrerr 


Paut J. Kramer 
W. Garpner Lynn 
DorotHy Matata 
Grorcre L. McNrw 
Bernarp S. Meyer 
Frep S. Orcurr 

F. W. Poos 

Roger D. Rem 

Reep C. Roiiins 
WititaM STEERE 
Joun A. STEVENSON 
Kari A. STILes 
Cart P. Swanson 
Kennetru THIMANN 
ArtTHurR C. WALTON 
Ricuarp G, Zwetre. 


publication is a cover-to-cover translatioi 
of its Soviet counterpart and the conten 
are only those of the original authors. 

Pochvovedeniye in English translatio 
bears the Soviet issue numbers. The Sovi 
journal carries no volume numbers. Tran: 
lation begins with Number 1, the Januar 
1958 issue. It is published in the same nur 
ber of issues per year as the original Sovi 
journals: 12 issues. 


translated and produced by 


ROYER & ROGER, INC. 
INTERNATIONAL DIVISION 


Subscription Prices: 


$40.00 per year, individuals and industria] librari 
20.00 per year, university and non-profit librarie 
3.00 additional to each price for foreign orders 
4.50 each, single copies 


Order from: 


American Institute of Biological Scienc 


2000 P Street, N.W., Washington 6, D.C. 
| 


: 
© 1960 American Institute of Biological Sciences — 


SOVIET SOIL SCIENCE 


l translation of the monthly journal—POCHVOV EDENILYE.— 
publication of the V. V. Dokuchayev Institute of Soil Science, 


lcademy of Sciences, USSR. A journal founded in 1899. 


ochvovedeniye Editorial Board: I. V. Tyurin (editor-in-chief), I. N. Antrpov-Karatarey, N. L 
(ORBUNOV, K. P. GorswENiInN. A. A. ZAVALISHIN, V. N. Zavarirsku, S. V. Zonn (assistant editor), 
. K. Keprov-Zikuman, V. M. Kuscuxkovsxi, V. A. Kovpa, M. M. Kononova (assistant editor), Ya. 


> Petve, I. I. Sinyaain, A. V. SoKoLov 


Neen enn nn nn nen ns nn ens SE 
0. 12: December 1959 Translation printed: April 1961 
ee eee 


CONTENTS 


HE ORGANIZATION OF SOIL RESEARCH IN KOLKHOZES AND 
NONANS(OYGUS) Ga B Seales Gis a 6 S506 0S GOO HOO OR 5050 andcgoud 


ROBLEMS OF SOIL SCIENTISTS OF THE CENTRAL CHERNOZEM 
OBLASTS IN CONNECTION WITH THE SEVEN-YEAR PLAN 
FOR DEVELOPMENT OF USSR NATIONAL ECONOMY, 
Peon deriknn (te. Oe yt ee ee 


ERENNIAL GRASSES FOR RESTORING FERTILITY OF CISCAUCASIAN 
IRRIGATED CHERNOZEMS, by Ye. T. Muzychkin................. 


HE USE OF A LARGE-SCALE SOIL MAP IN AGRICULTURAL PRODUCTION, 
by V.L. Andronikov and V. K. Mikhnovskiy ..... S000 FO dGO DGD a GO Oe 


{PROVEMENT AND RATIONAL UTILIZATION OF LOWLAND SALINE SOILS 
OF THE SOUTHERN POLES'YE AND NORTHERN FOREST-STEPPE OF 
THE UKRAINIAN SSR, by G.N. Sambur and II. Kovalenko .......... 


DSORPTION OF RADIOSTRONTIUM BY SOME SOILS AND SOIL MATERIALS, 
ony Wolly Syonvshyn titel Wo Ws (Creo; 6 oo oo Oooo DDO Oae “ oo 


ATER-SOLUBLE ACIDS OF SOLID FOSSIL FUELS, 
by T. A. Kukharenko and T. Ye. Vvedenskaya...... euarech tickers wer enenotone 


LASSIFICATION OF FINE AND MEDIUM RELIEF SPACES, 


by A.G. Doskach, Ye. N. Ivanova, andA.A. Yerokhina......+++++-0-. 
EN YEARS OF RESEARCH IN SOIL CHEMISTRY AND AGRICULTURAL 
CHEMISTRY IN CHINA, by Li Chen-Kvey . HOO BOO DON GOO DO 
METHODS 
YLONETZATION OF CHESTNUT ZONE CARBONATE SOILS IN pioeenaa 
DyaVewb.) XEPOLOV, wc. « SAoo oO DODUe Goto L Heed act OA uO: oes Bld G.tc 


JURIED SOILS OF THE MIDDLE AND UPPER OLIGOCENE OF KULUNDA, 
by S.N. Selyakov .........+-- wie Pens A ORENOPE-C Chto Ok} ae 


Page 


1375 


1410 


1415 


1422 


1429 


1437 


1445 


Russian 
Page 


13 


24 


36 


45 


51 


59 


69 


78 


85 


WATER REGIME OF SOIL UNDER THE INDIVIDUAL CROPS OF A FIELD- 
CROP ROTATION, by F. K. Rodionovskiy ..... nolo. a Oe Beto wo oS 


TENSIOMETRIC AND ELECTROMETRIC METHODS OF MEASURING SOIL 


MOISTURE, by I.I. Sudnitsyn....... 


REVIEW 


oeoeecerere eee ee 6 @ 


PROBLEM OF SURFACE INTERACTION OF A SOLID AND WATER, 


If Wo Wo SISGIEN? G Go 


I.A. TYUTYUNOV'S ARTICLE, INTERACTION OF THE MINERAL 


PART OF SOIL AND WATER, by G. A. Martynov 


DIFFERENTIAL THERMAL ANALYSIS AS APPLIED TO BUILDING SCIENCE, 
by V.S. Ramachandran and S. P. Gary, reviewed by Ye. Shurygina..... 


BIBLIOGRAPHY .... 


eoeoee 


CHRONICLE 


THE INTERNATIONAL WORKING CONFERENCE ON COMPILATION OF A 
SOIL MAP OF EASTERN EUROPE, by A.A. Yerokhina.........-+... 


cee ee eo © © o 


Page 


1451 


1459 


1466 


1469 


1472 


1473 
1475 


1486 


Russia 
Page 


90 


98 


105 


107 


109 


110 
112 


122 


HE ORGANIZATION OF SOIL RESEARCH 


N KOLKHOZES AND SOVKHOZES 


Our socialist agriculture is confronted with 
e vastly important problem of increasing the 
‘oss annual grain crop to 11 billion poods in 
e next few years, substantially raising the 
eld of other crops, and more than doubling 
e output of animal products. 


If this problem is to be solved, we will have 
increase considerably the yield of all agri- 
jtural crops and the productivity of forage 

nds while continuing to expand the areas under 
Itivation (chiefly with grain) by developing 

w inefficient productive virgin and abandoned 
nds. 


To increase crop yields is the main and con- 
ant task of our socialist agriculture and it re- 
ires resolute and continuous effort. Success- 
| execution of this task is contingent largely 
measures designed to improve the fertility 
d cultural condition of the soil. 


Soil is the basis of yield. Together with the 
imate it is one of the major natural conditions 
d means of agricultural production. This 
salth must be efficiently utilized, progressively 
proved, and carefully protected against possi- 
e destruction or damage by water and wind 
Osion, salinization, water-logging, etc. 


Unlike the climate, the soil can be modified to 
sreat extent by mechanical treatment, addi- 

m of fertilizers, meliorative measures, etc., 
that its effective fertility, i.e., the ability to 
oduce crops, may be substantially increased. 


We know that despite the high potential fer- 
ity of most USSR soils now under cultivation, 
@ yield of grains and other basic rops has been 
low average for a longtime. The only excep- 
m is a few technical crops (e.g., cotton, beet 
gar, tobacco, tea) which have benefited from 
vanced technology and heavy fertilization. 


The acreage in many districts has been eroded 
water and wind with sharp decrease or even 
38 of potential fertility. 


Yet the research of scientific agricultural in- 
itutes and the experience of leading farms in 
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different soil and climatic zones leave no room 
for doubt that efficient utilization of the soil with 
correct application of technology, fertilizer, 
and meliorative measures can soon double the 
average yield of crops both in the chernozem 
and non-chernozem zones. Elsewhere in the 
USSR yields can be enhanced by overcoming 
erosion, Salinization, etc. This will require 
improvements in organizing agricultural pro- 
duction and specializing it in accordance with 
the natural features of the various agricultural 
zones and districts. The execution of large- 
scale measures to increase fertility and to 
combat erosion and other adverse phenomena 
using efficient techniques suited to local soil 
and climatic conditions will also be necessary. 


Exploitation of the achievements of soil 
science by our agriculture is still far from 
being complete or systematic because there 
is no specialized permanent organization charged 
with helping agriculture in the field of soil 
science.! The importance of soil science in 
raising productivity has not yet been fully ap- 
praised. Frequently all that has taken place 
is the routine use of the same methods all over 
the country with no regard for the specific na- 
tural features, particularly the soil, in each 
area. 


The variety of soils and natural conditions 
throughout the vast stretches of the Soviet Union 
make it essential to adapt the techniques to the 
group and species of soils, climate, relief, and 
other natural features. The major differences 
on a broad zonal scale between podzols of the 
non-chernozem zone, chernozems of the forest- 
steppe and steppe zones, and light-colored soils 
(sierozems) of the arid and hot regions are well 
known. The principal method of increasing the 


1 This fact has attracted the attention of some for- 
eign soil scientists. For example, according to 
Jacks, Russian soil science is 25 years ahead of 
the west in its general scientific ideas but 25 years 
behind in applying these ideas in agriculture (G. V. 
Jacks.) ''The Influence of Man on Soil Fertility." 
Reprint from The Advancement of Science, Septem- 
ber 1956, No. 50. 
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fertility of podzolic soils is to use organic and 
mineral fertilizers and lime and to sow grasses. 
In the chernozem zone the accumulation and con- 
servation of moisture in the soil is of primary 
importance. In the more arid regions of Central 
Asia and Transcaucasia irrigation combined 
with large amounts of mineral fertilizer is es- 
sential for cotton and alfalfa. 


Besides the aforementioned examples of 
major zonal differences in agricultural condi- 
tions, the differences among soils within the 
zones of regions, districts, and even kolkhozes 
and sovkhozes are highly significant. These 
differences, caused by the diversity of soils, 
make it necessary owing to local conditions — 
relief, composition of parent material, length 
of time the land has been tilled, and degree 
of improvement — to use different techniques, 
fertilizers, and meliorative measures compati- 
bly combined and strictly differentiated in ac- 
cordance with the soil characteristics. These 
measures will be maximally effective and fer- 
tility steadily increased along with greater 
productivity of labor only if these conditions 
are met. 


We know, for example, that the liming of 
acid podzolic soils in the non-chernozem zone 
is effective and essential for increasing fer- 
tility. However, before one resorts to liming, 
the knowledge that the farm is in the podzolic 
zone is not sufficient. One must also have ac- 
curate information on the degree of acidity and 
soil texture in the different fields in order to 
determine correctly the lime requirements, 
the time to add the lime, the amounts, etc. 


The same holds true for mineral fertilizers. 
They cannot be effective unless used in the cor- 
rect amounts as determined by chemical analysis 
of the soil and requirements of the crops. Water- 
logged and peat-bog soils in the same non-cher- 
nozem zone cannot be utilized and improved until 
they are drained. This is possible only after a 
special investigation is made to determine the 
group and species of the water-logged or bog 
soils. 


The data from special research on meliora- 
tion and development of solonetz in the cherno- 
zem and chestnut soil zones are equally essen- 
tial. Development and melioration methods 
will depend on the group and species of solonetz 
nature of their occurrence, and degree to which 
they are present in the cultivated area. We 
could cite many more examples testifying to the 
necessity for using the data obtained by soil 
Science to solve such important problems as 
the correct layout of lands, use of fertilizers, 
rotation of crops, methods of cultivation, mel- 
iorative measures, etc. 


Raising the level of agriculture is inconceiv- 
able without extensive utilization of soil science. 
Hence, the agronomists must work in close 


cooperation with the soil scientists. 


This is common practice in several people's 
democracies, the well established soil conserva 
tion and research service of the United States, 
the national soil and agronomic service of 
England, and in the corresponding organiza- 
tions of other western European countries, 
Australia, New Zealand, etc. Properly com- 
piled soil maps of the districts and individual 
kolkhozes and sovkhozes should be the basis 
for correct selection of measures to increase 
soil fertility. These maps should contain a | 
detailed description of the soils and specific in- 
structions on how to improve them, including | 
techniques of cultivation, use of fertilizers, | 
and reclamation. Compilation, periodic correc: 
tion and improvement of the maps should be 
the responsibility of soil scientists in regional 
(and republic) institutes, soil sections in re- 
gional agricultural administrations (or experi- 
mental stations) in collaboration with the 
agronomists of the district, kolkhozes, and ; 
sovkhozes, and the soil scientists and chemists . 
of regional and republic laboratories. 


Kolkhoz and sovkhoz soil maps have been 
compiled by soil scientists of land organization 
administrations sometimes working without any 
scientific guidance or control and away from | 
agronomists. The quality of these maps and 
explanatory notes is not always satisfactory. 
The result is that they are improperly used in 
the kolkhozes and provide little help in de- 
termining individual methods, correct use of 
fertilizers, efficient organization of the land, 
etc. These deficiencies must be overcome. 

The maps and notes must be improved by in- 
cluding agronomic recommendations compre- 
hensive to kolkhoz and sovkhoz agronomists 
and managers. The combined efforts of the : 
soil scientists, chemists, and agronomists to 
compile soil maps should be routinely continued 
by the preparation of a long-range plan for or- 
ganizing the territory and over-all system of 
technical and meliorative measures to increase 
soil fertility and for checking on their imple- 
mentation. Much has been done here in con- 
nection with the soil investigations conducted 

in the Ukrainian SSR and Byelorussian SSR. 
Unfortunately, however, in most instances the 
number of chemical analyses has not been 
enough to permit a correct solution of the prac 
tical problems involved in the use of fertilizers 


| 
| 
| 
| 
| 


The compilation of soil maps of kolkhozes 
and sovkhozes (together with the necessary 
appendices) is very important, but it is only thi 
first step in the efforts of soil scientists and 
chemists to create the necessary conditions 
for raising agricultural productivity. The task 
of effecting periodic mass control of changes in 
the soil and its fertility is now becoming in- 
creasingly evident. 


The urgency and significance of work in this 
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ld has become apparent due to the growing 

ile on which powerful modern means of mec- 
uical cultivation, intensive application of fer- 
zers and meliorative measures are being 

2d. The study and control of changes in the 
yperties of soil should be the basis for prompt 
dification of cultural practices and application 
fertilizers and for eliminating unfavorable 
tors like soil erosion and exhaustion, salinity, 
ter-logging, etc. A major part in this work 

1 be played by local chemistry laboratories in 
tricts and in large kolkhozes and sovkhozes, 
ich should help the regional soil chemistry 
oratories. 


Besides the application of soil science direct- 
to the operations of kolkhozes and sovkhozes, 
S now essential to utilize the fruits of re- 
rch for state and regional planning and guid- 
ve. The main task of soil science here is to 
vide a qualitative registration of the land 
sources of the country. This registration 

ist be closely coordinated with the system of 
te registration of lands and checks on the 
dition and utilization of the country's terri- 
ial resources. In addition, it must serve 

a secure foundation for forward planning 

1 implementation of measures designed to 
iserve and increase the fertility of USSR 

Is. 


Since a qualitative registration of soils on 
all-union scale has not yet been made, the 
itribution of soil science to the many prob- 
ns of agricultural planning has been hap- 
zard and unsystematic. Meanwhile, the 
akness or lack of suitable materials on 
-nature of the soils in various areas some- 
1es does great harm to the national economy. 
te, for example, the abandonment of much 
merly valuable, well irrigated lands be- 
ise of salinization; the damage of lands by 
“ondary water-logging in the northern and 
tral districts; and the great harm done by 
1 erosion on slopes, the blowing away of 
properly used coarse soils and formation 
sand dunes. 


It is clear that we must greatly improve our 
thods for using soilscience and chemistry 
agriculture. We must create for this purpose 
pecial organization combining general opera- 
nal and scientific methods guidance -- a Soil 

| Agricultural Chemistry Service. 


One of the main functions of this organization 
1 be to conduct soil research in the kolkhozes 
| sovkhozes in connection with the preparation 
30i1 and agronomic maps containing explana- 
y text and cartograms for differential appli- 
ion of fertilizers, liming, erosion control 
asures, salinization, etc. 


Another and equally important task will be to 
~ current on the condition and changes in 
l fertility resulting from the technical, fer- 


tilization, and improvement measures employed. 


The Soil and Agricultural Chemistry Service 
will also be responsible for organizing, collect- 
ing, storing, and classifying all soil, particu- 
larly cartographic, materials as well as coor- 
dinating and registering all the soil cartographic 
work performed by USSR organizations and in- 
stitutes. 


It will be essential to discover the areas 
whose soils are threatened with destruction 
by water erosion and flowing or decreased 
fertility from salinization, water-logging, sand 
drifts, etc., and to cooperate in designing 
measures to combat these phenomena and exe- 
cute state control over the implementation and 
effectiveness of the conservation measures. 


In order to raise the level of agriculture, 
this organization jointly with the All-Union 
Society of Soil Scientists and its branches and 
divisions will have to conduct an extensive edu- 
cational campaign on the properties of soils 
and methods of progressively increasing fer- 
tility. 


The main operational agencies af the Soil 
and Agricultural Chemistry should be the re- 
search and production sections of the regional 
and subdistrict and agricultural administrations 
or the ministries of agriculture in the autonom- 
ous republics. They should include: 


1) A group of soil scientists to compile soil 
maps of kolkhozes and sovkhozes and to carry 
out long-range projects and inspection duties 
(e. g., On erosion); 


2) A soil chemistry laboratory for mass an- 
alyses; 


3) A cartographic bureau and, as needed, 
such specialists as geobotanists, agronomists, 
and reclamation engineers. 


The regional soil sections will naturally 
maintain close liaison with local research and 
experimental organizations and make extensive 
use of their data to raise soil productivity. 


Regional soil sections and laboratories must 
provide advice on organization and methods to 
district laboratories and to the laboratories of 
sovkhozes and kolkhozes charged with making 
current soil analyses for correct fertilizer ap- 
plication and checking on soil fertility. A re- 
gional laboratory, therefore, should have a 
soil scientist as director, a chemist, and tech- 
nicians along with suitable equipment. 


Small advisory groups attached to the min- 
istries of agriculture in the union republics 
and the main operational center in the USSR 
Ministry of Agriculture should be set up to give 
general guidance to regional (subdistrict) sections, 
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A permanent Bureau of Scientific Methods 
should be constituted in the All-Union Fertilizer 
and Soil Science Institute (VIUA) with members 
appointed by the scientific institutions working 
on soil science and agricultural chemistry of 
the V.L Lenin All-Union Academy of Agricul- 
tural Sciences (VASKhNIL) and Academy of 
Sciences USSR and by the main planning and 
exploring groups engaged in soil research. 


The Bureau will be responsible for working 
out instructions on methods and technical con- 
ditions for conducting all types of soil, chemi- 
cal, and reclamation research and checking on 
the work of the local organizations of the Soil 
and Agricultural Chemistry Service. All the 
soil research agencies of the USSR and Society 
of Soil Scientists, including personnel stationed 
at headquarters and in the field, will cooperate 
in its organization and work. 


If set up in accordance with the criteria 
mentioned previously, the Soil and Agricul- 
tural Chemistry Service will be an active and 
vital agency affording help in making efficient 
use of the land and in conserving and increasing 
fertility — the foundation of the prosperity of 
our great nation. 


In addition, there will have to be measures 
to improve the training of soil scientists and 
agricultural chemists in the universities and 
agricultural schools. This is completely 
feasible. 


As for the inevitable costs, they will be just 
fied by the better use of the soil and increased 
productivity resulting from the creation of an 
efficient "service of soil science, fertilizers, 
and soil conservation. " 


The idea cf having such a service has been 
frequently discussed in recent years. More 
than five years ago it was again proposed by th 
V. V. Dokuchayev Soil Institute of the Academy 
of Sciences USSR. The plan was approved by t 
Scientific and Technical Council of the Ministr: 
of Agriculture and unanimously endorsed by 
the All-Union Conferences of Soil Scientists 
in 1954 and 1956. 


Several union republics have already or- 
ganized a ''soil science service" and it has full 
justified itself, 

Let us hope that during the next seven years 
the Soil and Agricultural Chemistry Service 
will be set up on a national scale and that it 
will help to raise the level of our agriculture, 
enhance the fertility of USSR soils, and in- 
crease crop yields. 


Soil and chemistry sections should be es- 
tablished in zonal institutes and regional exper 
mental stations to work out scientific solutions 
for the problems involved in increasing soil 
fertility locally. 
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-OBLEMS OF SOIL SCIENTISTS OF THE CENTRAL CHERNOZEM 
BLASTS IN CONNECTION WITH THE SEVEN—YEAR PLAN 
YR DEVELOPMENT OF USSR NATIONAL ECONOMY 


zx ADERIKHIN, 


The Twenty-First Congress of the Communist 
‘ty of the Soviet Union set before agriculture 
agronomy major problems. These problems 
defined in the control figures for develop- 

nt of the national economy in 1959-1965, pro- 
ing for an over-all increase in gross agri- 
tural production by 1.7 times. In the current 
en-year plan it is necessary to achieve a 
siderable improvement in land utilization as 
basic resource of agricultural production. 


The control figures for development of the 
ional economy of the USSR in 1959-1965 state 

t "the main direction in development of agri- 
ture in the forthcoming period remains the in- 
ase in production of grain as the foundation of 
agricultural production, '' wherein the kolkhozes 
-sovkhozes of the Central Chernozem Oblasts' 
‘O) will henceforth be among the basic pro- 
ers of commercial grain. In addition to this, 
vision is made for expanded plantings of sugar 
t, sunflower, potatoes and other crops as well 
a considerable increase in their productivity. 
msistent high yields of all agricultural crops 
attainment of the stipulated gross product 

st be achieved on the basis of introduction of 
cientifically based system of agriculture suit- 
2 for the conditions of the individual economic 
ions of the country, the utmost specialization 
improvement of allocation of agricultural pro- 
tion, and the wide use of scientific achieve- 
nts and advanced experience. The practical 
‘oduction of the proper system for conduct of 
iculture must be treated as a matter of great 
rest to the state.1 


Soil science agricultural chemistry has an 
ortant role to play in the successful solu- 

1 of the problems placed before agriculture 
the Twenty-First Party Congress. As is 
wn, soil science arose from the necessity 
iricultural practice, and throughout its 
stence has been devoted to the development 
igricultural science and production. This is 


‘ontrol figures for development of USSR National 
nomy 1959-1965. 


attested to in the works of V. V. Dokuchayev, 
P.A. Kostychev, V.P. Vil'tyams, K. K. Ged- 
royts, D.N. Pryanishnikov, L.I. Prasolov, 
et al. 


In the light of the decisions of the Twenty- 
First Party Congress great tasks confront 
Soviet soil science and, consequently, also the 
soil scientists of the CCO. The various soil- 
climatic conditions of the Soviet Union and the 
CCO require a differentiated approach to utiliza- 
tion of soils and development of complex mea- 
sures for altering soil properties in order to 
insure maximum productivity. In this connec- 
tion soil scientists must accelerate the conduct 
of a detailed study of soils and their cartography, 
explaining expeditions, station and laboratory in- 
vestigations in various regions. 


The central chernozem oblasts are the weal- 
thiest soil regions. Their chernozems have a 
reputation for high productivity. However, 
owing to exploitation of chernozems before the 
Great October Socialist Revolution they were 
overworked in some areas and became subject 
to intensive erosion, with the result that there 
was a sharp reduction in their productivity 
and agricultural yields. The problem now con- 
fronting us is to expand the thorough study of the 
soils of the CCO. The soils of the CCO have 
been studied by V. V. Dokuchayev, P.A. Kos- 
tychev, N.M. Sibirtsev, K.D. Glinka, P. V. 
Ototskiy, K.G. Freyberg, A.M. Pankov, G. M. 
Tumin and many others. However, before the 
Great October Socialist Revolution the soils, 
of these oblasts' were little studied. The wide 
investigation of CCO soils for purposes of 
compiling large-scale soil maps began in 1929 
in compliance with the policy of the oblast’ ad- 
ministrations of agriculture. Large-scale 
kolkhoz and sovkhoz maps were compiled for 
the investigated oblasts' and rayons, 


In the current seven-year plan soil scien- 
tists are confronted withthe task of improving 
the detailed investigation of soils and the com- 
pilation of large-scale soil maps and soil car- 
tograms of kolkhozes with a detailed and multi- 
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farious characterization of all soils. As is 
known, soil maps are of vast importance. They 
serve above all as the basis for the state's 
qualitative land appraisal in the country and 
the oblast', the planning of statewide, oblast' 
and rayon measures in agriculture; they are 
the scientific foundation for the practical appli- 
cation of agricultural procedures in kolkhozes 
and sovkhozes. 


Despite the fact that study of the soils of the 
central chernozem oblasts' began earlier than 
in other oblasts' of the Soviet Union, the land 
appraisal is far from concluded. Soil scien- 
tists still do not have at their disposal data 
concerning the qualitative distribution of vari- 
ous soil groups within the limits of the CCO. 
The same is true of soil textures. There are 
no materials characterizing distribution of soils 
according to relief elements, indicating the dis- 
tribution and nature of eroded and flood-plain 
soils. 


There is considerable cartographic material 
for individual Central Chernozem Oblasts'. In 
Kursk and Tambov Oblasts' large-scale car- 
tography of kolkhoz and sovkhoz soils has been 
completed; the Belgorod, Voronezh and Or- 
lovsk Oblasts' they are almost concluded. Li- 
petsk Oblast’ is somewhat behind in this work, 
but in recent years has intensified the tempo 
of work in field investigation and soil mapping. 
Regrettably, the work of generalization of the 
accumulated material is proceeding extremely 
slowly. 


In this connection the soil scientists of the 
CCO are confronted with the task of accelerat- 
ing work in compiling unfinished maps in 
oblasts'. It is also necessary to achieve a con- 
siderable increase in quality of this work, to 


accelerate the generalization of cartographic and 


analytical material and, on the basis of this, to 
compile in all oblasts' soil maps of a scale of 
1;200,000 and in rayons on a scale of 1:50,000 
with the development of a production character- 
istic. Efforts must be increased to propagan- 
dize soil science and to explain to the rural 
population the necessity for using soil maps 

at kolkhozes and sovkhozes as well as proce- 
dures for using them. Kolkhoz and sovkhoz 
soil maps, which should serve as the basic 
foundation for differentiated planning and the 
execution of all measures, in most cases are 
not properly used, which is a completely sense- 
less state of affairs and must be eliminated. 


In studying soil cover it is necessary to de- 
vote particular attention to the genesis and 
classification of soils. Genesis of the princi- 
pal soil groups of the CCO has commanded 
the attention of soil scientists. However, for 
the CCO and adjacent oblasts' the effects of 
various natural factors on soil formation have 
not been adequately explained. There is in- 
sufficient data on the influence of man's activi- 


ties on the development of soils. Little atten-: 
tion has been devoted to the question of the 
direction in which the evolution of soils of the 
CCO is progressing. Meanwhile, withouta 
study of the genesis and evolution of soils, soil 
science cannot develop as a theoretical and 
applied science and cannot be useful for the © 
development of the national economy. | 
A knowledge of the genesis of soils require; 
that we return to standard investigations of the 
mineral and organic fractions of soils, soil 
colloids and the physical-chemical properties 
of soils, as well as modern soil-producing prc 
esses, aS was emphasized in the report by I. \ 
Tyurin at the First Delegates’ Congress of Soi 
Scientists of the USSR in 1958 and in the deci- 
sions of this congress. Some work has been 
performed in this direction in the CCO (Vor- 
onezh University, the Agricultural Institute, 
the Scientific Research Institute of Agriculture 
(Central Chernozem Belt) imeni V. V. Dokuch: 
yev, and others) but this work is inadequate 
and must be developed by all means at educati' 
al institutions and at scientific-research estak 
lishments. | 


Along with the study of the genesis of soils 
it is necessary to develop and perfect their 
classification. Development of the soil classi’ 
fications of the CCO is being undertaken chief? 
by soil scientists of the oblast’ administration: 
of agriculture. Until recently this work, per- 
formed in individual oblasts' of the CCO, was 
not coordinated, which led to a variety of inte 
pretation in classifications. This incongruity 
was eliminated in 1958 when, at the CCO confe 
ence of soil scientists in Voronezh, the classi 
fication of soils of individual oblasts' was stan 
dardized and unified. As the basis for this 
standardization the classification developed by 
the Soil Institute imeni V. V. Dokuchayev AN 
SSSR was adopted. Further improvement of 
the soil classifications of the CCO must be 
achieved in the future, coordinating it with the 
All-Union classification and the classifications 
of adjacent oblasts'. It must meet the require 
ments of science and the demands of productic 
In improving the CCO soil classification parti 
ular attention must be paid to intrazonal soils 
(sandy, solonetz, carbonate, flood-plain, 
eroded, and others), the classification of whic 
is as yet undeveloped. 


Study of the genesis of soils and developme 
of their classification serves as the scientific 
basis for the mapping and cartography of soils 
in general. With this as the starting point the 
corresponding divisions of soil science must 
evolve simultaneously in all oblasts' and re- 
publics of the Soviet Union. 


Recently in the practice of agriculture in tl 
USSR, including the CCO, the need for a quali 
tative appraisal of land has arisen. The study 
of this problem at present is being undertaken 
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personnel of the V. V. Dokuchayey Soil In- 
itute, AN SSSR and other central scientific 
search establishments, but the scientific 
search establishments and practical workers 
the CCO have not been included in this work. 
e Classification of soils is particularly press- 
yat this time. Its successful execution will 
ake possible the solution of problems of agri- 
Itural-soil regionalization and correct land 
e. Hence, the soil scientists and economists 
the Central Chernozem Oblasts' must de- 
lop this work by all means. 


Study of the genesis and geography of soils 
well as the problems of agricultural-soil 
gionalization and site classification is the 
imary task of soil science. Along with this 
ere is advanced the task of the thorough study 
the chemical, physical-chemical properties 
soils, as well as the biological processes 
curring in them and the development of scien- 
ic bases for increasing their productivity. 

t it be pointed out that until recently soil — 
ientists of the CCO devoted insufficient at- 
ntion to the problems of the scientific bases 

r increasing soil productivity. The develop- 
ent of these problems assumes, above all, 

= correct use of soils in agriculture. 


These urgent tasks may be solved by soil 
ientists and agricultural chemists with the 
operation of physiologists, agronomists and 
ner specialists in agriculture. For develop- 
snt of methods of increasing soil productivity 
d creating rational systems of agriculture in 

> various soil-climatic regions of the CCO it 
necessary, in compliance with the decisions 
the First Delegates' Congress of Soil Scien- 
ts, to evolve thorough standard researches 
the following aspects of the nationwide prob- 
mas set forth by the V. V. Dokuchayev Soil 
stitute, AN SSSR: 1) rotation of materials 
agriculture and means of affecting it for the 
rpose of increasing crop yields; 2) scien- 

ic bases for regulating the nutrients and 
isture conditions of soils; 3) scientific bases 
° a radical improvement (melioration) of soils; 
Scientific bases for controlling soil erosion 

d its residual effects. 


For a number of years the soil scientists 

d agricultural chemists of the faculty of soil 
ience of Voronezh University have studied 

> phenomena of adsorption of phosphorous, 
rogen, sulfur, potassium, calcium, and mag- 
sium by soils and plants as well as the dynam- 
; of these elements in soils. In 1957, the fac- 
y started investigating the chemical properties 
soils of the CCO. The faculties of agricultural 
emistry and agriculture of the Voronezh Agri- 
tural Institute, the Institute of Agriculture of 

> CCB imeni V. V. Dokuchayev, and certain 
ricultural experiment stations of the CCO are 
work on problems of interaction of soils, 
tilizers and plants. 
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Study of the accumulation and decomposition 
of organic substances in soils during agricultural 
use as well as the nutrient cycle of soils is being 
undertaken by: the faculties of soil science and 
agricultural chemistry of Voronezh University, 
the agricultural and soil science faculties of 
Voronezh SKhI (Agrochemical institute), the 
Institute of Agriculture of CCB imeni V. V. Doku- 
chayev, and others. Regrettably, these investi- 
gations are being conducted without the necessary 
coordination and do not have a common guidance. 
The volume of such work is completely inadequate. 
Meanwhile the study of available forms of nu- 
trients is extremely important in explaining the 
seasonal nature and trends of soil formation, 
processes of mobilization of nutrient substances 
in dynamics, in establishing the extent to which 
nutrients of plants are provided during the various 
vegetative periods, elucidation of the intensity of 
microbiological processes, as well as for the 
development of methods of determining plant 
requirements for fertilizers, improving sys- 
tems of cultivating, fertilizing and meliorating 
soils. 


Soil scientists are confronted with the prob- 
lem of providing in the immediate future a com- 
plete picture of the biochemical and physical- 
chemical processes occurring in soils, as the 
result of which there occurs, on the one hand, 
an accumulation of organic and mineral sub- 
stances and, on the other hand, their conver- 
sion into available form for plants. 


In considering the fact that in most of the 
CCO the moisture properties of soils are of 
great importance for agriculture, it is neces- 
sary to expand and intensify research in this 
aspect. In studying moisture regime of soils 
particular attention must be devoted to deter- 
mining its laws and to developing scientific 
bases for regulating it. The latter may be 
achieved on the condition that investigations 
are performed on a complex basis. 


It is known that the amount of atmospheric 
precipitation in the CCO (with the exception 
of drought years) is sufficient to obtain high 
yields. However, plants are not always ade- 
quately provided with soil moisture. This is 
explained by the peculiarities of the soil mois- 
ture regime of these regions. Consequently, 
it is necessary to evolve such a system of agri- 
culture and cultivation of soils as will ensure 
complete utilization of atmospheric precipitation 
by soils and plants. For this purpose it is nec- 
essary to study the soil moisture regime under 
various agricultural crops and to employ a var- 
iety of treatments over the course of an entire 
year so that on this basis, for each type of 
soil, it will be possible to establish the optimum 
depth of basic plowing, the time of plowing and 
the nature of other types of treatment. 


Structure of soils is of great importance in 
regulating their moisture regime. Hence, the 
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study and basic improvement of this regime is 
necessary and serious attention must be devoted 
to this problem. At the present time soil struc- 
ture in the CCO is far from adequately studied. 
In testing various agricultural techniques, the 
study of soil structure and its water stability 
is obligatory. This will permit the development 
of a system of cultivation and agriculture 
through which the soil structure will be im- 
proved. Every effort must be made so that all 
field tests in agricultural techniques and fer- 
tilization are accompanied by study of the struc- 
ture and physical properties as well as the chem- 
ical composition of soils in the dynamic cross- 
section. 


In the territory of the Central Chernozem 
Oblasts', besides the chernozems and forest 
soils, there are sandy, saline, bog and flood- 
plain soils. On the whole, these soils occupy 
an area of several hundred thousand hectares. 
Wise cultivation and rational use of these soils 
will provide an additional yield of grain and 
other agricultural products by several million 
centners. However, the use of these soils in 
agriculture requires a basic improvement in 
them by various methods of melioration. Hence, 
it is necessary to expand and intensify the study 
of sandy, solonetz, bog and flood-plain soils, 
and to develop and provide a theoretical founda- 
tion for meliorative as well as agricultural 
practices, chemical and biological methods 
for improving these soils. This work must be 
joined in by all soil scientists and agricultural 
chemists as well as meliorators of the corres- 
ponding scientific institutions and organizations 
engaged supporting farm production, 


Problems of erosion of soils, its conse- 
quences and control measures are of particular 
importance in the CCO. It is widespread, par- 
ticularly within the limits of the central Russian 
uplands, and causes colossal damage to the na- 
tional economy. Despite the particularly urgent 
nature of this problem, soil scientists of the 
CCO have as yet devoted little attention to it. It 


is necessary that all the basic forces be directed 


to a fundamental study of erosion, the conse- 
quences of erosion and the development of ra- 
tional measures (including biological measures) 
for controlling it, 


The following example will serve as convinc- 
ing evidence of the colossal damage caused by 
erosion. In the eroded upper 20-cm layer of 
a typical chernozem the latter loses per hec- 
tare of area: 15,000 kg of nitrogen, 8,500 kg of 
phosphorous, 65,000 kg of potassium, 70,000 kg 


of calcium and 1000 kg of sulfur.” If it is kept 
in mind that the eroded soils occur over many 
thousands of hectares in the CCO, then the ir-| 
revocable loss of nutrients will be expressed | 
in enormous figures. The work of studying so} 
erosion and developing its measures must be 

joined (in addition to soil scientists and melio- 
rators) by agronomists, forestry specialists, | 
geographers, geologists, hydrologists, bo- 
tanists and other specialists. The struggle 
against soil erosion must be a public effort. 


On the basis of the foregoing problems and 
for the purpose of the most rapid execution of — 
these problems it would be extremely advisable: | 
inthe immediate future to organize soil science > 
divisions at the Scientific Research Institute 
of Agriculture of the Central Chernozem Belt 
imeni V. V. Dokuchayev (Kamennaya Steppe), 
at the Scientific Research Institute of Beet 
Culture (Ramon'), at the Scientific Research © 
Institute of Northern Fruit Culture (Mischur- — 
insk) and to establish soil science sections anc 
agricultural chemical sections in all oblast' | 
and zonal agricultural experiment stations; to | 
organize a collective of soil scientists of the 
CCO so that all the most urgent problems of 
soil science will be solved as soon as possible 
and harmoniously, with consideration of the re- 
quirements of agricultural practice. 


The soil scientists of Voronezh University cor 
jointly with the soil scientists of the oblast' ad- 
ministrations of agriculture of the CCO must con. 
tinue work in studying the genesis, classification 
and geography of soils, with soil regionalization 
and agrochemical characteristics thereof and 
must extend investigations in erosion tothe site 
classification of soils. The soil scientists of the 
agricultural institutes (Voronezh, Kursk, Michu 
rinsk) conjointly with the agricultural experimer 
stations must concentrate their efforts onthe pro 
lems of agronomic and forest soil science as stat 
previously. 


From this partial listing of the urgent probler 
requiring solution it follows that soil science is 
confronted with grandoise and honorable tasks. 1 
their fulfillment all the efforts of soil scientists ¢ 
ordinated by the V.V. Dokuchayev Soil Institute, . 
SSSR, must be directed. The successful executio 
of these tasks will prove a worthy contribution in 
implementing the historic decisions of the Twent 
First Congress of the Communist Party of the So- 
viet Union in the field of agriculture. 


25.S. Sobolev. 
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ERENNIAL GRASSES FOR RESTORING FERTILITY 
F CISCAUCASIAN IRRIGATED CHERNOZEMS 


5. T. MUZYCHKIN, V.V. Dokuchayey Soil Institute, Academy of Sciences, USSR 


Investigations by the North-Caucasian De- 
rtment of the All-Union Forage Institute have 
own that in irrigated zones the highest yields 
e obtained from crops of pure alfalfa and 

ass mixtures (alfalfa + rye-grass). During 

s first cropping year, alfalfa yields 96.7 cntr/ 
, and grass mixtures, 93.3 cntr/ha. With the 
st cutting of grass mixture the proportion of 
aSS cover was about 50% of the total weight; 
th the second cutting the proportion of grasses 
considerably smaller, and in the third cutting 
usually represents 15%-22% of the total. 


Many investigations were conducted in the 

SR to establish the effect of perennial grasses 
the fertility of soils (3,5, 6,7,8,9,10). As 

tL, none have determined the accumulation of 
sanic matter and nitrogen in irrigated cher- 
zems under perennial grasses. Between 1953 
d 1955 an expedition of the V. V. Dokuchayev 
il Institute, Academy of Sciences, USSR ob- 
rved experiments on the accumulation of roots 
nducted by the North-Caucasian Department 
the All-Union Forage Institute in fields be- 
ging to the Institute's Department, and in 

> kolkhoz of Koysug village in Bataysk dis- 

ct of Rostov region. 


Characterized by a considerably thick humic 
rer (80-100 cm), the Ciscaucasian cherno- 
ms have the texture of fine clay loams and 
atain 45%-66% of particle diameters <0.01 

n. The field moisture capacity of a layer 

20 cm thick is 30%, its wilting moisture 

4%. These soils have high total porosity 

i good water permeability. There is no trace 
salinity or water-logging, thus irrigation can 
effected without any additional meliorative 
asures. Once irrigated, these chernozems 
> among the best soils from the viewpoint of 
ductivity, and high yields are obtained from 
y agricultural crop raised. 


In 1952 experiments, the grasses were 

illed on black fallows under panicgrass. In 
ler to irrigated and seed at the same time, 
ges bordering the plots were thrown up 3.6 
apart (the working distance of the seeders). 


The plots were flooded after each harvest at a 
rate of 500-800 m°. Three to four cuttings 
were harvested for each vegetation period. We 
measured the hay yield of irrigated and non- 
irrigated alfalfa, rye-grass and grass mixture 
crops during three years. Each year after the 
third cutting the roots contained in a 0-60 cm 
soil layer were weighed. In field experiments 
with grain crops, we counted the root residues 
from winter and spring grains during the bloom 
period. 


The following procedure was applied for the 
grass root measurement. In three locations in 
grass plots, profiles were cut into the soil to 
a depth of 1 m. On three walls of a profile 
areas were selected from which the crop resi- 
dues were cut with scissors; then a bottom- 
less steel box 10 cm high, 10 cm long, 15 cm 
wide (its width corresponding to the distance be- 
tween the rows) was inserted into the soil toa 
depth of 10 cm; thus the measured area covered 
150 cm?. After this the box containing the soil 
was carefully removed, and on the removed 
area another bottomless box was inserted into 
the soil to the same depth as the first. This 
operation was repeated nine times, and the 
amount of roots was determined for the follow- 
ing depths: 0-10 cm, 10-20 cm, 20-30 cm, 
30-40 cm, 40-50 cm, and 50-60 cm. The roots 
contained in the soil samples were immediately 
washed in sieves with 0.25 mm meshes, and 
then dried until they were air-dry. Live and 
dead roots were measured together. 


The grass roots of the first year were sep- 
arated by hand and classified into diameters: 
large (>2 mm), medium (<1 to 2 mm), and 
small (<1 mm). This classification was dis- 
continued in following years. 


Table 1 shows the hay yields from plots 
where roots were measured. 


After two years of cropping with irrigation, 
the alfalfa yield increased by four times, and 
that of grass mixture by two as compared with 
nonirrigated alfalfa. Pure and mixed alfalfa 
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Table 1 


Hay yields by years 


Treatment Crop 


| 
Withirrigation | Alfalfa 


Rye-grass 
Withoutirriga- | Alfalfa 


tion 


Rye-grass 


were found to yield approximately the same 
crops, while rye-grass yielded two times less. 


The results of root measurements of grasses 
and grain crops given in Table 2 indicate that 
the most intensive accumulation of root resi- 
dues under perennial grasses occurs in the 
second year. In the following two cropping 
years a further increase in the amount of root 
residues is evident, but the accumulation rate 
is considerably slower. During all the years 
of measurement, there were more root resi- 
dues with irrigation than without it. The bulk 
is accumulated during the second year of pure 
and mixed alfalfa cropping in the layer at 0-20 
cm. The amounts of roots found in the soil at 
0-60 cm differ only slightly from one another. 
The root to top weight ratio of perennial grasses 
differs sharply from that of the annual grain 
crops. Thus, for example, during the first 
cropping year with irrigation the alfalfa roots 
weighed 63% of the top growth; the second year 
weight increased to 71%; for the first and second 
year of mixed grass cropping, this ratio was 
74% and 77%, respectively. The root content 
of perennial grasses is considerably higher 
without irrigation than with it; thus, the weight 
of alfalfa roots represents 154%-225% of the 
weight of top growth, that of mixed grass, 131%- 
193%, and that of rye-grass, 165%-225%. 


In the case of grain crops, the root to hay 
weight ratios observed were substantially dif- 
ferent: with irrigation, spring grain roots 
covered only 12% of the entire vegetation mass 
and 28% were covered without irrigation. Ac- 
cording to our observations, the feather-grass 
steppes of the Rostov region accumulate 89.9 
entr/ha of roots in the layer at 0-60 cm; this 
is one and one-half times more than the amount 
accumulated by perennial grasses without irriga- 
tion. 


Figure 1 shows the distribution of small, 
medium and large roots in the soil profile. As 
is seen, accumulation of rye-grass roots in- 
creases in non-irrigated zones. For irrigated 


Alfalfa/rye-grass 


Alfalfa/rye-grass 


Hay, cntr/ha 
: 
1953 1954 1955 Total | 
102 | 408 | 95 | 305 | 
90 | 105 | 101 | 290 | 
68 47 25 | 140 | 
Sin woe al ee 
48 | 34 22 | 401 | 
S220 43 65 


lucerne and mixed grass, the relative amounts 
of large roots increase, while those of mediur, 
and small roots drop considerably. For mixe 
grass the percentage of small and medium roc 
is higher than for pure alfalfa. This increase 
is bound to affect the physical properties of th 
soil, and its aggregate and structural composi 
tion. In this connection we studied the physicz 
properties of soils under perennial grasses of 
the second cropping year. As is seen from 
Table 3, plowed layers under perennial grassé 
have become more compact through irrigation: 
while in the plots the soil has maintained its 
porosity. Plowed layers under rye-grass be- 
came less compact than those under pure al- 
falfa or mixed grasses. Compaction of plowex 
layers during irrigation was accurately mea- 
sured with Kachinskiy's compactometer. Thu 
soil resistance to compression was found to be 
14.7 kg/cm? on cropland, 54.2 kg/cm? under 
rye-grass, and 81.5 kg/cm? under lucerne. 


Total porosity of the root-containing layer 
soils is high, and it is higher under rye-grass 
than under alfalfa. An increased porosity of t 
subplowed layer is determined by its better 
structure in comparison to that of the plowed 
layer. According to our observations, under 
dry-land conditions plowed layers under pure 
or mixed alfalfa contain a larger quantity of 
water-stable aggregates than those under rye- 
grass. Apparently, rye-grass does not contri 
ute to the improvement of soil structure. Irr: 
gation causes a sharp change in the develop- 
ment conditions of grasses and favors the 
structure formation in these soils. More 
water-stable aggregates have been found in 
plowed layers under rye-grass and grass mix 
tures, and less under alfalfa. It was found in 
all cases that the 20-30 cm layers and deeper 
contain more water-stable aggregates under 
alfalfa than under rye-grass or grass mix- 
tures. Thus, the effect of grasses on soil 
structure is connected with the development 
of the root system, and it depends on both the 
characteristics of soil types and the condition 
of grass vegetation, and, above all, on the so 
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Fig. 1. - Distribution of perennial grass 
roots along the profile of irrigated soils. 


| - irrigated; JI - non-irrigated; A - 
rye-grass; B= alfalfa; C - alfalfa + 

rye-grass; 1 - large roots; 2 - medium 
roots; 3 - small roots. 


moisture. 


Data on the effect of perennial grasses on 
the chemical properties of irrigated Ciscau- 
casian chernozems are given in Table 4, 


Soil samples for chemical analyses were 
taken at the same time as those for root mea- 
surements from the same soil profile at cor- 
responding depths. Average mixed samples 
for analysis were taken from three different 
soil sections, 


As is seen from Table 4 an increase of humus 
in soils under perennial grass crops was not 
observed during the period from the first to 
the third cropping year. Under pure or mixed 


|Hydrolyzed nitrogen, mg/100 gof soil 


Nitrogen, % 


g 
5) 
fel 
7 
2, 
® 
QA 


Table 4 


Humus and total hydrolyzed nitrogen contents in irrigated soils under perennial grasses 


1955 
1953 
1955 
1953 
1955 


ye-grass 


Alfalfa | 1953 
Grass-mix. 


alfalfa the total nitrogen content of the soil in- 
creased slightly along the entire profile, while 
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inder perennial grass (rye-grass) a certain 
jecrease was noted. Under all the grasses we 
bserved a high content of hydrolyzed nitrogen, 


On the basis of the analyses, we calculated 
he nitrogen, phosphorus, potassium and calci- 
im contents in root residues of perennial 
srasses per one hectare in the layer at 0-60 
>m (Table 5). 


Basically, nitrogen accumulates in root 
residues during the first two years of grasses. 
in the following years its content declines 
sharply. In the case of pure rye-grass a loss 
of nitrogen in root residues was found during 
he second and third cropping years. Apparent- 
y this is connected with the weight loss of rye- 
yrass roots occurring during these years. For 
ull the years, nitrogen accumulation in roots 
was considerably higher with irrigation than 
without it. This is connected with the fact 
hat irrigated plots contain large amounts of 
roots. 


In comparing the nitrogen, phosphorus and 
sotassium content in root residues from the 
various grasses, attention should be paid to the 
relationship between the nutrients and the age of 
he grasses. As is seen from Table 5, nitrogen 
grevails over phosphorus and potassium in the 
2ase of pure legumes. With pure grasses this 
ratio grows narrower. Thus, the N:P:K ratio 
equals 5.6:1:1.8 for irrigated alfalfa, 3.8:1:1.8 


for irrigated grass mixtures, and 1.6:1:1.5 for 
irrigated rye-grass., Without irrigation, the 
amount of potassium in root residues increases 
considerably. 


According to our observations, nitrogen 
accumulation in perennial grass roots is sub- 
stantially higher with irrigation than without 
it, and accumulation of root residues is in direct 
proportion with the hay crop. Some researchers 
reported hay crops of 60-70 cntr/ha without ir- 
rigation, whereas our experiments with irriga- 
tion yielded alfalfa crops of 210 cntr/ha with 
two-year croppings, and 305 entr/ha after 
three years. Mixed grass crop yields, were 
of the same order. 


On the basis of Peters' calculations, one 
metric ton of clover hay adds up to 10 kg of 
nitrogen to the soil, together with root and crop 
residues; our experiments have yielded con- 
siderably higher values for the first cropping 
year. Table 6 shows data on nitrogen accumu- 
lation in perennial grass roots per one metric 
ton of hay. 


According to the data in Table 6 irrigated 
alfalfa added 15 kg of nitrogen per metric ton 
to the soil together with root residues, while 
alfalfa + rye-grass added 11.8 kg. During the 
second and third cropping years, the amount 
of nitrogen accumulated in the roots per one 
metric ton of hay diminishes sharply. Here 


Table 5 


Nitrogen phosphorus and potassium content of root residues, kg/ha 


N:P:K ratio with | N:P:K ratio with 


Cropping P20s ee CaO irrigation out irrigation 
Crop year He 
ir [pvir. its In/ir. ir. |n/ir. : 
First 
Alfalfa 1953 4529S QT ise -49 | 38 Be) 
Second E 
1954 {S?| 2920] 32a) A253 | 36 10 
Third 
1955 9434 2637 | =4.68 | — 82 
Alfalfa First 
and 1953 108} 98 | 28 9} 51 | 46 34 
Rye- Second 
grass 1954 430| 93: | 34| 8 | 62) 44 | 41 
Third 
1955 {20m ee AO Ree.) OO.) ga 60 
Rye- First 3 
grass 1953 BO p37 Sele al, 30 Dales 
Second ; 
1954 29| 29 | 17 6 | 28 1 28 
Third 


1955 94| — | 14] — | 22 


air. = irrigated; n/ir. = non-irrigated. 
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Table 6 


Amount of nitrogen in roots of perennial 
grasses per metric ton of hay, 
kg 


With irrigation 
Cropping years 


Alfalfa 
Alfalfa and rye-gr. 


we did not consider the nitrogen content of the 
stubble, which increases appreciably. 


The amount of nitrogen biologically fixed by 
perennial grasses with or without irrigation, 
considering the amount contained in root and 
crop residues and in the hay of perennial gras- 
ses, as well as the amount of nitrogen from the 
air fixed by legumes, are shown in Table 7, 


Table 


legumes has been computed by us as the differ-| 
ence between the nitrogen accumulated by 
legumes and by perennial grasses. According | 
to these computations, pure alfalfa grown for | 
two years on irrigated Ciscaucasian chernozem;| 
can fix up to 561 kg of nitrogen from the air, am 
grass mixtures (alfalfa + rye-grass), 284 kg. 
On the basis of Hopkins' and Peters" concept, 
the amount of fixed nitrogen from the air by 
legumes corresponds to two-thirds of the nitro- 
gen contained in the entire crop; this value will | 
be 524 kg for pure alfalfa, and 342 kg for mixed 
grass with irrigation and, respectively, 190 
and 176 kg/ha, without irrigation. Thus, the 
values for fixed nitrogen from the air by leg- | 
umes, computed by us as the difference be- | 
tween the nitrogen contained in legumes and in 
grasses, come fairly close to those of Peters. 
The amount of nitrogen fixed for pure alfalfa 
increases by one and one-half times as compar 
to mixed grasses. Here, too, irrigation plays — 
an important role. Our experiments have shown 
that with irrigation, nitrogen fixation from the _ 
air by pure alfalfa increased by three times and 
that by mixed grasses by two times in compari- 
son with non-irrigated crops. Half the nitro- 
gen fixed from the air goes into the root and 


The amount of fixed nitrogen from the air by! 
| 


a 


Biologically fixed nitrogen by perennial grasses 


entr/ha 


Alfalfa 210 105 
Alfalfa/rye-grass 195 109 
Rye-grass 124 64 


Spring wheat (seed) 49 25 


Winter wheat (seed) 5 24 


Alfalfa 61 79 
Alfalfa/rye-grass 719 84 
Rye-grass 59 G61 


Spring wheat (seed) 


Winter wheat (seed) 
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Hay crops 
for 2 ee ae Nitrogen accumulation Biologically 
; crop and root y : : 

cropping : kg/ha fixed nitrogen 

residues f thea 

Crop years rom the air 
by legumes, 

In root and entr/ha 


With irrigation 


Without irrigation 


In hay Total 


crop residues 


546 240 786 561 
327 185 542 284 
183 42 225 _ 

62 14 76 ne 
417 2 140 = 


152 HA 
133 154 
74 2s 


PERENNIAL GRASSES 


op residues, while the other half may return 
o the soil in the form of manure. For pure 
€-grass crops the nitrogen balance is nega- 
e, both with and without irrigation, because 
> quantity recovered by the soil does not 

ver the losses through hay cropping. Hence, 
en growing legumes with perennial grasses 
der irrigation, a positive nitrogen balance is 
tainable only if manure is properly accumu- 
ed and stored, and properly applied in the 
lds with crop rotation. 


With irrigation, perennial grasses (and, 
1inly, legumes) maintain soil fertility on a 
th level. Thus, in the sovkhoz "Red vege- 
jle-grower" of the Bataysk district in the 
scaucasian chernozem belt, 15 years of irri- 
ting in vegetable crop rotation at high irri- 
tion rates have not impaired either the nitro- 
n or phosphorus content in the soil, because 
alfa was included in the vegetable crop rota- 
mn. In areas of permanent irrigation, soils 
ntained 3.5% humus, while in non-irrigated 
nes they contained 3.7% (2). 


In dark-chestnut soils and ordinary cherno- 
ms of the Ukraine under grasses with per- 
unent irrigation, the total available nutrient 
mpounds humus and nitrogen continuously 
covered approximately the same quantities 
ntained in similar non-irrigated soils; this 
evidence of the stabilization of nitrogen, 
mus, and other elements in irrigated soils 
der grass rotation (1). 


Our soil analyses after plowing the land under 
rennial grasses have shown that grasses have 
t raised the total nitrogen content in the soil. 
t, the yields of winter and spring wheat were 
nsiderably higher than on preceding grain 
dmeloncrops. Thus, with irrigation, the 
nter wheat crops after grasses attained - 
entr/ha, while on the preceding grain crop 

sy attained 16 cntr/ha; the spring wheat yielded 
and 19 entr/ha, respectively. Increased 

ain yields after grasses are due to the im- 
ovement of the nutrient regime of soils 

used by the release of available nutrients 

ym the decomposition of root and stubble resi- 
es. Figure 2 shows data on the dynamics of 
rates in soils under winter and spring wheat 
er grasses and the preceding grain crops. 


As is seen from Figure 2, during any obser- 
tion period the plowed grass area contains 

re nitrate nitrogen than those preceded with 
ain crops. Our experiments established a 
ther nitrate concentration in non-irrigated 
nes than in irrigated ones, which apparent- 

is due to less nitrogen uptake by plants in 

¥ soil moisture content (13%-15% without 
sigation. Improvement of the nitrogen regime 
er grasses is confirmed by the process of 
rogen uptake by plants. During the maximum 
take period of winter wheat (from boot to ear 
ie), the nitrogen content of the entire vege- 
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tation mass of the crop was six times higher 
after plowing of grasses than after plewing of 
grain crops; accordingly, the crops yielded 
32 cntr/ha after grasses and 16 cntr/ha on 
the preceding grain crops. 


The capacity of perennial grasses to assimi- 
late difficulty soluble phosphates at an increased 
rate and to utilize phosphorus compounds from 
deeper soil layers intensifies the biological 
cycle of phosphorus in the soil. The difficulty 
available phosphates used by perennial grasses 
remain, at least in part, in the roots and are 
mineralized into compounds which become avail- 
able to subsequent crops. The other part of the 
phosphates contained in hay may return to the 
soil in the form of manure. Table 5 shows that 
alfalfa roots add up to 37 kg/ha of P,O, to the 
soil, while roots of mixed grasses add up to 49 
kg/ha. In non-irrigated lands, perennial grasses 
decreases two to three times less phosphoric acid 
in the soil. If the phosphorus from root residues 
were fully utilized, its amount would be sufficient 
for two grain crops yielding 27 cntr each. As- 
suming, however, that two-thirds of all the 
phosphorus lost can return to the soil by manure 
application, the biological phosphate cycle en- 
hanced by grasses will restitute the amounts of 
readily mineralizing phosphorus shown in Table 
8. 


As is seen from Table 8, the biological cycle 
of phosphates is more apparent in irrigated 
chernozems than in non-irrigated. Pure alfalfa 
crops provide an excellent example for this. It 
can be assumed that alfalfa mobilizes three 
times more soil phosphates than perennial 
grasses (rye-grass), and four to nine times 
more than made available by annual grain crops. 
In the biological cycle of phosphates, perennial 
legumes play a more important role than grass 
mixtures or perennial grain crops. 


Figure 3 shows that during the entire vege- 
tation period the content of available phos- 
phorus compounds was higher in alfalfa than 
in preceding grain crcps. Apparently, this is 
due to mineralization of organic matter from 
root and stubble during irrigation. Moreover, 
it should be noted that with increasing mois- 
ture from irrigation the amount of soluble soil 
phosphates increases as well. Different results 
were observed in non-irrigated alfalfa, In dry- 
farming conditions, soils strongly dried after 
perennial grass cropping. In these conditions 
mineralization of organic matter is slowed down. 
As a result, transition of organic phosphates 
into forms available to plants is stopped, and 
the subsequent crops become quite responsive 
to phosphorus fertilizers. 


Observations on soil aeration and the con- 
centration of carbon dioxide in soil air indicate 
that the intensity of carbon dioxide release de- 
pends on the agricultural crops and soil mois- 
ture. D'yakonova (4) found an intensive aeration 


N-NO,me/kg 


Apr. May June July 


Fig. 2. - Dynamics of nitrates in 
soils under winter wheats. 
1 - after grasses (0-20 cm); 2 - 
after grain crops (0-20 cm); 3 - 
after grasses (20-40 cm); 4 - after 
grain crops (20-40 cm). 


Conclusions 
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1. By irrigating the Ciscaucasian chernozen 
of Rostov region, high and consistent yields ar’ 
obtainable from perennial grass crops. For 
three years of cropping with irrigation, alfalfa: 
yielded 305 cntr/ha of hay, alfalfa + rye-grass 
yielded 290 cntr/ha, and rye-grass, 140 entr/ | 
ha. Under the same conditions without irriga-' 
tion, crop yields were three to four times less, 


| 
2. With irrigation, accumulations of alfalfa 
roots in the soil layer at 0-60 cm attain 90 | 
entr/ha, those of grass mixtures, 117 cntr/ ha. 
Rye-grass and annual grain crops accumulate | 
considerably less. Irrigation increases the | 
percentage of large roots of perennial grasses” 
and reduces that of medium and small roots. 
Mixed grass crops and pure grain crops have 
no advantages over pure legume crops in forma 
tion of soil structure in irrigated soils. A cer 


Table 8 


Biologically available soil phosphorus by perennial grasses 


Removal of 
P.O; by crop 


With irrigation 


Alfalfa for 2 cropping years 
Alfalfa and rye-grass, for cropping yrs 


Rye-grass, for 2 cropping years 
Spring wheat 
Winter wheat 


Without irrigation 


Alfalfa for 2 cropping years 

Alfalfa and rye-grass, for cropping yrs 
Rye-grass, for 2 cropping years 
Spring wheat 

Winter wheat 


of irrigated Ciscaucasian chernozems at the 
rate of 6.5-14.1 kg/ha/hour of CO, under alfalfa, 
and 7,0-11.0 kg/ha/hour of CO, under grain 
crops. Apparently, this depends on the differ- 
ent root systems, decomposition of dying roots, 
and root secretions. Growing amounts of car- 
bon dioxide in soils under perennial grasses, 

as compared with grain and intertilled crops, 
appear to have some effect on the difficulty 
soluble calcium and magnesium phosphates, in- 


creasing their solubility and availability to plants. 


33 
46 
30 

6 
16 


tain compaction of the plowed layer under per- 
ennial grasses has been observed with irriga- 
tion, especially in the case of alfalfa. 


3. Basically, nitrogen accumulated in 
root residues during two years of life of per- 
ennial grasses. During the subsequent croppi 
years, nitrogen accumulated at considerably 
lower rates. The amounts of nitrogen fixed 
from the air by perennial legumes can be ex- 
pressed by the following values: with irrigati 
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June 


May 


Apr. July 


Fig. 3. - Dynamics of available phos- 
phates in soils under winter wheats 


1 - after grasses (0-20 cm); 2 - 
after grain crops (0-20 cm); 3 - 
after grasses (20-40 cm); 4 - after 


grain crops (20-40 cm). 


ire alfalfa stand, 561 kg/ha; mixed grasses, 
4 ke/ha; without irrigation, pure alfalfa 
and, 171 kg/ha; mixed grasses, 151 kg/ha. 
lf the nitrogen fixed from the air goes to 
ot and stubble, while the other half can re- 
rn to the soil in the form of manure. 


4, Although perennial grasses have not sub- 
antially increased the humus and nitrogen 
mtent in the soil, they have improved the 
trient regime for subsequent crops consid- 
ably. At any time of observation, the alfalfa 
mtained more nitrates after plowing than 
edecessors. Accordingly, winter wheat 
ops after alfalfa yielded 32 cntr/ha, and 
entr/ha on the preceding grain crops. 


5. Perennial legumes enhance the biological 
cle of phosphates in soils. 
at irrigated alfalfa uses three times as much 
il phosphates as perennial grain crops (rye- 
ass) or annual grain crops. 
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THE USE OF A LARGE-SCALE SOIL MAP 


IN AGRICULTURAL PRODUCTION 


Vv. L. ANDRONIKOV and V. K. MIKHNOVSKIY, V. V. Dokuchayev Soil Institute, Academy of 


Sciences, USSR 


The rational use of the land is one of the 
most important conditions for fulfilling the 
broad plan of increased agricultural produc- 
tion adopted by the 21st Congress of the Com- 
munist Party of the Soviet Union. Large- 
scale soil mapping is therefore important, since 
the soil map of a farm is the basic land-produc- 
tivity document. 


Large-scale soil maps often are not utilized 
fully, largely because soil scientists usually 
restrict themselves to description and classi- 
fication of soil groups and make only slight 
mention in the explanatory notes of farm or- 
ganization, crop rotations, and the planning 
of agricultural practices, etc., in relation to 
the features of the soils, in the sovkhoz or 
kolkhoz. Detailed soil studies are therefore 
insufficiently applied to the practical running 
of the farm. The need for collaboration be- 
tween agriculturists and soil scientists has 
been shown by experience gained in the compil- 
ation of a soil map for a kolkhoz in the Moscow 
region. 


This kolkhoz is a large diversified farm, 
mostly cropped to grain, covering an area of 
6,600 ha in the extreme south of Moscow re- 
gion. 


The territory is part of the southern forest- 
steppe of the East European plain. Mean annu- 
al air temperature is approx. +4°C. The win- 
ter is comparatively severe, the mean January 
temperature being -16°C, and the summer 
warm, the mean July temperature being ap- 
proximately 18-19°C. Annual precipitation is 
approximately 450-500 mm. The growing 
season varies between 173-179 days (mean 
dirunal temperature above +5°C), of which 139- 
140 days have a mean diurnal temperature above 
+10°C. This permits almost all the chernozem 
zone crops to be grown on the kolkhoz. The 
number of days with snow cover is about 144 
and the thickness of the snow varies between 
5 and 40 cm. Out in the open, however, the 
snow is often blown off slopes and prominent 
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ridges into the gulleys and ravines and winter’ 
crops may be destroyed by frost. 


The soils of the kolkhoz belong to the 
chernozem soil group. The soil map (Fig. 1)! 
shows that the farm can be divided into ap- 
proximately two parts (eastern and western) 
from the nature of the relief, the soils and 
the depth of the ground-water table. The | 
western half of the territory, adjacent to the | 
Polosna River, has a well-developed network 
of ravines and comparatively narrow prom- — 
inent watersheds with gently or steeply slop- 
ing sides. The ground-water table here lies | 
at 6-10 cm. Podzolized and leached cherno- 
zems are the main soils. These soils have 
the following features favorable to agriculture 
The humus horizon is 70-80 cm thick and the 
humus content of the plowed layer is approxi- 
mately 6%-7%. The total nitrogen content is 
adequate at 0.35% in the upper horizon. The 
reaction of the soils is close to neutral. The 
total adsorbed cations is approximately 30-35 
meq per 100 g of soil. The soil texture is 
fine clay loam. The most important separ- 
ates are coarse silt and clay. This fact, 
plus the high humus and adsorbed calcium 
content, explains the capacity of these soils 
for well-developed structure and the low dis- 
persion coefficient. The soils are highly pore 
and water-permeable and the moisture capaci 
is considerable. 


The high natural fertility of chernozems ce 
be accompanied in some years by low moistu1 
supply. Measures to collect and conserve mc 
ture are therefore of importance. 


The chernozems of the steep slopes stand 
out on the soil map against the general back- 
ground of podzolized chernozems. These 
sectors are susceptible to erosion and should 
be excluded from the field crop rotations. If 
plowed they quickly lose their natural fertility 
and become abandoned area. They should the 
fore be used as pastures or put to hay. Fin- 
ally, eroded podzolized chernozems have bee 


LARGE-SCALE SOIL MAPS 


> 4 
POOL: 


Ss 


Fig. 1. - Soil map of one of the kolkhozes of Moscow region. Compiled by V.L. Andronikov 
and edited by Prof. Yu. A. Liverovskiy. 


] - medium humus, fine clay loam, podzolized chernozems , 2 - leached, medium humus, 

fine clay loam chernozems; 3 - fine clay loam podzolized chernozems on steep slopes; 

h - fine clay loam eroded chernozems; 5 - fine clay loam meadow-chernozems (with signs 
of podzolization); 6 - fine clay loam meadow-chernozem (ground-water table at 3 to 5-6 
m); 7 - fine clay loam chernozem-meadow soils (ground-water table at 1.5-3 m); 8 - fine 
clay loam dark-grey forest soils; 9 - fine clay loam dark-grey forest gleys (ground- 
water table at 3-5 m); 10 - meadow-bog soils; 11 - humus-peat; 12 - peat-gley; 13 - 
fine clay loam sod gley soils; 14 - alluvial meadow (sod) river soils of varying tex- 
tures; 15 - limestone outcrops, 16 - roads; 17 - inhabited areas. 
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distinguished on the cultivated slopes and bot- 
toms at the upper ends of valleys. These areas 
should be left idle in grass to avoid further ex- 
tension of erosional activity and the washing away 
of the fertile layers. 


Broad flat watersheds, on which linear er- 
osion has not yet penetrated, are a feature of 
the eastern half of the kolkhoz. Only ravines 
are found in the upper end of watersheds. Un- 
dulating ridges 250-300 m wide (at the crest) 
alternate with wide hollows. The ground-water 
table is quite shallow — approximately 1.5 m 
at the upper ends of the ravines and as much as 
3-5 m on the watersheds. Meadow-chernozem 
and chernozem-meadow soils are the mainsoils. 
Like the chernozems, these soils are rich in 
nutrients and the humus and nitrogen content 
of the upper humus horizon often exceeds that 
of the chernozem. In early spring, however, 
these soils (especially chernozem-meadow) be- 
come unfavorably waterlogged and some crops 
suffer from excess moisture and the develop- 
ment of reduction processes. Shallow open 
ditches would help to drain these areas and 
increase fertility. 


The eastern part of the territory is hydro- 
logically more suited to forage crops while 
the western part can be used for crops with 
a lower moisture requirement. 


The contours of dark-grey forest soils are 
encountered in the cultivated lands. These 
soils are poorer in nutrients than the podzolized 
chernozems and meadow chernozems. The hu- 
mus content is approximately 5% and the thick- 
ness of the humus horizon and the content of 
adsorbed bases and total nitrogen are less, 
They are therefore more in need of organic 
and mineral fertilizers. 


Land utilization in the kolkhoz can be better 
planned on a large-scale soil map, from which, 
in particular, the main trend and organization 
of the farm and the most rational balance of 
field, forage and vegetatable crop rotations 
can be decided and the most rational composi- 
tion and alternation of crop be fixed. 


The utilized land of the kolkhoz comprises 
6651.94 ha, of which 5340 are cultivated (i. e. , 
80%), 401 ha are hay meadows, 502.95 ha are 
grazing and pasture and 42.0 ha are trees and 
shrubs. The manorial land, communal build- 
ings and other lands (roads, ravines, waters, 
etc. ) comprise 465.50 ha. 


The type of agricultural kolkhoz, which is 
grain — meat — dairy, is dictated by the large 
expanse of utilized land, favorable soil and 
climatic factors, distance from railroads 
and highways and an inadequate labor force. 
Steers and rejected productive cattle can be 
fattened on the natural pastures of the ravines 
and gullies if the surface is improved. The 
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rearing of pigs for bacon and meat, mainly on 
green and succulent forage should be an im- 
portant factor in increasing meat production. 
The existing fine-wooled sheep and poultry 
flocks (a poultry farm of 10,000 laying hens) 
should be expanded. 


The production of early potatoes, which | 
are ready for harvest here 1-1/2 weeks ear- 
lier than in the northern districts of the re- 
gion, could be extended to increase money in- | 
come. The soil conditions (chernozems and 
meadow-chernozems) are favorable to the 
development of a new branch — commercial 
seed growing of crops which do not always | 
ripen to seed in some districts (spring vetch 
and forage lupin). The growing of perennial 
legumes for seed, especially hybrid blue al- 
falfa which does not require large capital 
outlay or any marked increase in labor costs, 
can be an important source of income. 


The fields for field and forage crop rotations 
should be so sited in relation to soil conditions| 
as to obtain the best possible grain and forage 
crop per unit of area. Examination of exist- 
ing land utilization in the kolkhoz shows that 
the existing distribution does not consider the 
soil conditions (Fig. 2). Suffice it to say that 
in a number of cases the forage rotation fields 
are located on dry areas of podzolized cherno- 
zems, while the main field crops are located or 
wet areas of chernozem-meadow soils in which 
the ground-water table lies near the surface an: 
machine cultivation is often difficult. 


We have therefore proposed a new plan for 
land utilization in the kolkhoz. This plan (Fig. 
3) has been approved by the leadership and 
the farm organization. The essence of this 
new utilization of the land is as follows. 


The soil map shows that the western area 
of kolkhoz, with its podzolized and leached 
chernozems and dark grey forest soils, is 
most suitable for field crop rotations. The 
eastern area, with its meadow-chernozem and 
chernozem-meadow soils should be used for fo: 
age rotations with the emphasis on mixed leg- 
umes and grasses. The basis of division of 
different ratios of agricultural crops depends 
on soil moisture, V.R. Vil'yams (3) has deter- 
mined the soil moisture requirement (as a 
percentage of total moisture capacity) as 30%- 
35% for grains, 70%-80% for perennial field 
grasses (legumes and grasses) and as much as 
80%-90% for meadow seed grasses. 


It seems desirable on this farm to establish 
hay-pasture rotations for the cattle and to use 
the grazing system (meadow-pasture rotations 
in Fig. 3). This system is known to increase 
labor productivity 1-1/2 times for grazing and 
to lower the cost of 1 kg of milk by 40% as 
compared with green fodder stall feeding (4). 
The yield of the pasture is also considerably 
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1 - field crop rotation No. 1; 
forage crop rotation; 


AY 2 


ncreased. A special farm rotation for the 
attle should be established to provide early 
reen forage, succulent forage and pasture for 
he young animals and a separate area for 
ilage for the larger animals. As shown on 

he sketch map (Fig. 3) it is situated near the 
nain kolkhoz livestock farm. 


Rotations that will greatly increase the 
roportion of succulent and green forage in the 
ation, largely by roots, should be established 
ear the two pig farms and on the former MTS 


os 


2 - field crop rotation No. 2; 
4 - vegetable crop rotation, 
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The existing land utilization in the ‘kolkhoz. 


Be 
5 - garden. 


farmstead to boost meat production. 


Almost all the plowlands of the kolkhoz are 
included at present in four crop rotations: L 
ten year sequence on an area of 2247.4 ha 
(1,2 — perennial grasses; 3 — winter crops; 

4 — row crops; 5 — spring grains; 6 — 
fallow; 7 — winter crops; 8 — spring grains; 
9 — bare fallow; 10 — winter crops with grass 
undercover; II. eight year sequence on an 
area of 1184.7 ha (1, 2 — perennial grasses; 

3 — winter crops; 4 — row crops; 5 — spring 
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Fig. 3. - Projected land utilization considering soil conditions, 


| = eile) cite MOLeetiems 2 = meadow-pasture (forage) crop rotation; 
3 - livestock farm crop rotation for cattle; 4 - pig farm crop ro- 
tation No. 1; 5 - pig farm crop rotation No, 2; 6 - a remote plot 
temporarily in use as a three field grain rotation; 7 - vegetable 
crop rotation; 8 - garden, 


grains; 6 — bare fallow; 7 — winter crops; 9 — winter crop with perennial grass under- 
8 — spring grains with grass under crop); cover); IV. vegetable rotation on an area of 
II — nine year sequence of forage on an area 20.8 ha. 

of 1768.3 ha (1-4 — perennial grasses for hay 
and grazing; 5 — winter crops; 6 — row 


These rotation plans are not without short- 
crops; 7 — spring grains; 8 — green feed; 


comings. Above all, the projected use of 
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rasses under winter crop means the loss of the 
econd cut and of grass seeds. Since a winter 
rop cannot use the surplus mineral nitrogen 
ormed on the decomposition of the sod, a con- 
iderable part may be leached from the soil 

nd lost. In addition, in the southern area 

f the region it has been shown in practice that 
-is preferable to sow perennial grasses with 
pring rather than winter crops (4). 


The following rotations may be proposed, 
earing in mind the soil and climatic conditions 
nd the existing goal of the economy: 


IL A ten year sequence on an area of 3681 
a (podzolized and leached chernozems, dark 
rey forest and meadow-chernozem soils) with 
1e following crop rotations; 1 — spring 
rains + grasses; 2-3 — grasses; 4 — row 
rops (corn, potatoes); 5 — winter and spring 
rains; 6 — fallow; 7 — winter crops; 8 — 
pring crops; 9 — fallow; 10 — winter crops. 


The introduction of one instead of the exist- 
ig two field crop rotations considerably im- 
roves the utilization of agricultural machin- 
ry, by concentration and improved technical 
ervice. 


The following reasons can be advanced for 
lanting row crops (especially corn) after 
rass. These fields are usually less weedy, 
1e soil structure is better and it "matures" 
arlier, which is of importance in relation to 
1e selection of the best sowing periods. Corn, 
iore than any other crop, can use a great deal 
f the nitrogen in nitrate form that occurs with 
ecomposition of sod, and the protein content 
f the top portion of the plant is also increased. 
1 the corn belt of the U.S.A. plowed grass is 
Mpically the best point in the rotations for 
orn. 


A three field grain sequence (bare fallow, 
inter grain, spring grain) is being retained 
yr the present on the "Sapozhok" area (ex- 
“eme southeast of the territory). In the long 
rm the meadow-pasture rotation may be in- 
reased (by 332 ha) at the expense of this 
rea as the number of cattle increases. 


Ill. A meadow-pasture nine year sequence 
n an area of 909 ha (mainly chernozem-mea- 
ow and, in part, meadow-chernozem soils) 
ith the following crop rotations: 1 — spring 
rops + grasses; 2-6 — perennial hay and 
asture grasses; 7 — spring grains; 8 — an- 
lal mixed-grasses for green forage; 9 — 
inter crops. The area may, as mentioned, 
> increased from the ''Sapozhok" area. 


Il. Farm crop rotation with cattle on 173 
1 (meadow-chernozems and podzolized cher- 
zems): alfalfa (or alfalfa + clover + fescue); 
— corn; 3 — root forage crops and squashes; 
— winter rye + winter vetch for green forage 
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and turnip or feed mixture (corn + maple pea + 
oats). 


Alfalfa (or mixed grass) is used for 3-4 
years. In this period the fields are inter- 
changed 2-4 times. Once in 3-4 years alfal- 
fa without cover (or mixed grass) is sown in 
field 4 in place of the stubble crops. 


IV. Pig farm crop rotation 1 (central farm- 
stead) on 130 ha (meadow-chernozem and 
chernozem-meadow soils): 1 — alfalfa; 2 — 
corn for silage and green forage; 3 — potato 
and squashes; 4 — vetch-pea-oat mixture for 
green forage. Alfalfa without cover is sown 
once in 3-4 years after the harvest. The al- 
falfa is used for 3-4 years, during which time 
the fields are interchanged 2-4 times. In addi- 
tion a separate 10 ha plot is under Jerusalem 
artichoke. This crop rotation is also a green 
feed for the poultry farm. 


V. Pig farm crop rotation 2 (on the former 
MTS farmstead) on 94 ha (chernozem-meadow 
soils). The crop rotation is the same as in 
IV. Once again there is a separate plot of 10 
ha under Jerusalem artichoke. In addition 
to these field and forage rotations the existing 
vegetable rotation is retained on 20.8 ha. The 
model distribution of the crop rotations is 
shown on the sketch map (Fig. 3). There will 
be necessary changes in the structure of the 
sown area (Table 1) when the planned crop 
rotations are incorporated. 


Sown areas under forage crops (especially 
perennial grasses) will be considerably in- 
creased at the expense of bare fallow and grain 
crops. It should be borne in mind, however, 
that until the grass fields and projected mea- 
dow-grazing and cattle farm rotations are 
fully introduced, i.e., for 3-4 years, the 
sown area of all grain crops can be increased 
by approximately 400 ha, initially and 100 ha 
at the close of the transition period and tem- 
porarily maintained at 2700-2400 ha. At the 
same time the conditions for larger grain har- 
vests have been created by the improvement 
of the forerunning crops and an increase in 
locally prepared and mineral fertilizers. The 
average grain yield when the crop rotations 
are introduced has therefore been fixed at 
18.8 cntr/ha and the gross harvest of grain 
at 4450 metric tons, excluding corn cobs of 
milk-wax ripeness. 


The number of productive cattle can be 
considerably increased with this improvement 
of fodder resources. Calculations show that 
these crop rotations will supply sufficient 
rough forage, root crops, silage and green 
forage for a considerably increased communal 
forage requirement is 86% supplied by hay, 
legumes and legume-grass mixtures and only 
14% is spring straw. The requirement for 
concentrates is met from home-produced grain. 
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Table 1 


Structure of sown area, hectares 


l After intra 
Sown Plan of crop ro- 
Crops area tasks rations 
1958 1960 (approx. 
[ 1965) 
Plowland being worked Bae 0340 5340 
Bare fallow 945 SHhS) 240 
Total sown area 4378 4925 5100 
Grains 2862 2352 2366 
winter 1071 1234 1212 
spring 4291 1118 1154 
Technical crops 50 50 30 
Potatoes 180 260 3390 
early 50 50 100 
Vegetables 13 20 14 
All feed L223 2243 VANBND 
crops corn for 
silage and green 
forage 350 400 470 
Other silage 40 50 40 
Annual grasses 412 290 384 
Winter crop for add- 
itional green forage = 35 43 
Root crops and x 
squashes == 20 63 
Perennial grasses ATA {448 {335 


AIncluding 20 ha of Jerusalem artichoke. 


(or equivalent products). The consumption 
of grain can be reduced by increasing the corn 
cob silage in the feed ration of pigs. 


The conditions exist for a further increase 
in the number of cattle and in meat production 
yield, if one allows for straw surpluses and 
the possibility of obtaining malt grains from a 
nearby distillery. In addition, the kolkhoz 
will be able to increase the communal herd in 
the next seven year plan period by acquiring 
personal cattle from the collective farmers. 
The kolkhoz plans to bring in 10-12,000 metric 
tons of malt grains a year and to bring the 
herd to 2000, including 1000 cows, by the end 
of the period. Asa result, the draft plan 
envisages a production of 785 cntr of grain, 
550 cntr of milk and 66 cntr of meat per 100 ha 
of agricultural land in 1965. The output of 
livestock products will have increased alm- 
most threefold by comparison with the first 
year of the plan. 


The use of a soil map is not confined to plan- 
ning crop rotation. Within this framework the 
crops have to be distributed yearly in relation 
to the soil conditions they require. The soil 
scientist and the kolkhoz or sovkhoz agricul- 


turist should once again have recourse to the 
soil map. 


The main crops in this kolkhoz-are winter 


and spring wheat, rye, oats, corn, buckwheat, 
potatoes, clover, alfalfa and vetch. 


Winter and spring wheat cannot tolerate in- 


creased acidity and they shou!d preferably be 
alloted to chernozem and meadow-chernozem 
Liming can be useful if spring wheat is 
planted on podzolized chernozems and dark- 
grey forest soils. 


soils. 


Winter rye adapts itself quite well, even on 


soils of low natural fertility, with the excep- 


tion of excessively moist soils. 


It is fairly 


resistant to increased acidity (pH 4.8-5.5). 
On this kolkhoz it can grow successfully on 
dark-grey forest soils and podzolized cher- 
nozems which have high natural fertility and 


a deep ground-water table. 


It is not suitable 


to plant winter rye for grain or chernozem- 
meadow soils with a shallow ground-water 


table. 


Oats, which are very moisture-loving, can 


grow well on this kolkhoz on chernozem-mea- 
dow or meadow-chernozem soils. 


Buckwheat should be planted here on well 
warmed southern slopes of meadow-chernozen 
soils (the ground water lies at a depth of 3-5 n 
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ields on the warmer southern or south- 

estern slopes with deep plowed (up to 30 cm) 
eadow-chernozems are to be prefered for 

rn. From the data of the Moscow Plant 
reeding Station in the same district, the cli- 
atic conditions are favorable to the produc- 

on both the green silage of the cornand of cobs 
milk-waxripeness, Corncan very well be used 
3a fallow crop when growing for silage and green 
dder. 


The moist, cola, fine clay loams of the low- 
ing places (chernozem-meadow soils) are un- 
litable for potatoes, which must be grown in 
arm, well-fertilized, friable soils. These 
eas are usually excessively wet during the 
irvest in the fall and this makes mechanized 
iting difficult or impossible. Potatoes should 
erefore be planted on chernozem and meaow- 
lernozem soils. 


The best grass mixture for the field crop 
tation is red late-flowering clover and tim- 
hy or meadow fescue. Red clover has a def- 
ite soil requirement and grows poorly on dry 
- excessively wet, low-lying soils. It should 
erefore be grown on slightly acid (pH 5.5-6.5) 
eadow-chernozems or chernozems. Timothy 
ill grow successfully on excessively wet soils 
ith the ground-water table near the surface, 
it is normally sown in a mixture with clover, 
which case clover requirements determine 
e choice of soil. 


Perennial forage rotation grasses, which 
ust contain alfalfa, should be sown on wet 
lernozem-meadow soils. The soil study 
ows that the carbonate horizon lies at adepth 
90-120 cm, and this fact is extremely fav- 
able to the growth of alfalfa, which is also 
ore productive than clover and less liable 
frost damage. 


Cultivating and fertilizing are important 
pects of measures to improve soil pro- 
ctivity. In this connection Williams wrote: 

f grassland agriculture is treated only as a 
rrect sequence of crops without a cultivating 
d fertilizing plan it cannot have any effect 
increasing yield" (3). 


As can be seen from the soil map (Fig. 1), 
e texture of the kolkhoz soils is that of clay- 
lt fine-clay loams that are only slightly 
spersed. The dispersion factor in the humus 
rizon is 4-5, increasing in the cultivated 
rizon. The upper horizon is less aggre- 
ted, owing to continuous plowing. Being 
ie-clay loams, the kolkhoz soils have a high 
9isture capacity and are quite heavy to work 
decific resistance 0.53-0.97 kg/cm?), Cher- 
zem-meadow soils in which the ground-water 
ble is close to the surface are noted for high 
Xisture capacity, low aeration, unfavorable 
2rmal properties (cold soils) and difficulty 
work, 


If the soil is ripe when plowing, the plowing 
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will be good and the harvests will consequently 
be increased for the lowest fuel consumption. 
Ripe soil is taken as that condition of the soil 
in which it is most easily worked to yield a 
crumb structure. Ripeness is a state that is 
mainly dependent on soil moisture. Good 
plowing with low specific resistance is to be 
obtained on the kolkhoz when relative wetness 
is 55%-75% (18%-25% of absolute moisture). 
Outside these limits the specific resistance of 
the soil will be greatly increased and the 
plowing will result in a cloddy or paddled state. 


The periods at which podzolized chernozems 
in which the ground-water table is deep (wes- 
tern area) and meadow-chernozems in which 
it lies comparatively near the surface (eastern 
area, see Fig. 1) will be ready for plowing, 
harrowing and planting will therefore differ. 
Plowing should, for instance, start earlier 
on meadow-chernozem and especially on cher- 
nozem-meadow soils than on podzolized cher- 
nozems. Conversely, preparation for sowing 
and the sowing of spring crops should start 
earliest on podzolized chernozems. The agri- 
culturist or kolkhoz chairman can most easily 
establish the boundaries of these soils from 
the soil map. 


A planned fertilization for the fields is also 
essential to increase the harvests of all agri- 
cultural crops on the kolkhoz.* The first thing 
to be revealed by an analysis of the soil map 
and detailed soil study data is that the fields 
nearest to the inhabited points and livestock 
farms, that have been systematically manured, 
contain more nutrients than the distant fields. 


The podzolized chernozems and meadow- 
chernozems shown on the soil map have con- 
siderable total nitrogen content (0.30%-0.43% 
or 7-10 metric tons per hectare in the cul- 
tivated horizon). As only an insignificant 
proportion of this nitrogen is hydrolyzed, ap 
plication of nitrogenous fertilizers should 
yield good results, 


The meadow-chernozems are best in 
available phosphates (8-15 mg of P,O, per 
100 g of soil [Kirsanov]). Still more avail- 
able forms of phosphate (up to 20 mgper 100 
g) are to be found in the chernozem-meadow 
and meadow-bog soils. Thus phosphates 
should only be used on these soils (45-60 kg/ha 
of P,O,) when growing crops with a high phos- 
phate requirement (perennial legumes, root 
crops, corn for cobs, etc.). A dressing of 
0.5 cntr/ha of granulated superphosphate in 
the rows when sowing is sufficient for grain 
crops. The podzolized chernozems of the 
western area of the kolkhoz are less well sup- 
plied with available phosphates (approximately 


1 Prom data of Andronikov, Kovrigo, Nikanorovaya 
and Muzychkin. 
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8 mg per 100 g of soil). Phosphates must 
therefore be used with all crops. These soils 
are well supplied with available potassium (8-17 
mg K,O per 100 g). For the immediate future, 
only light applications of potash fertilizers, 45 
kg/ha K,O, need be given, mainly with silage 
crops (sunflower, corn, potatoes, root crops, 
etc. and legumes). 


The soil reaction varies considerably be- 
tween pH 4.6-6.5 of a salt extract. The mea- 
dow-chernozems (pH 5.0-6.5) are only slightly 
acid. The podzolized and dark-grey forest 
soils of the western area, on the other hand, 
have lower pH (5.3-4.6) and must be limed. 
The areas of cliffs and steep slopes shown on 
the soil maps are mainly limestone outcrops, 
which can be a good local source. 


The soil map (Fig. 1) also shows peat de- 
posits (the humus-peat and peat-gley con- 
tours on the map) estimated at 100,000 m‘%. 
The production of 3-4 thousand metric tons 
of peat compost a year should be organized to 
utilize the peat beds as organic manure. 


Great attention should be paid to the correct 
use of increased manuring. The kolkhoz has 
sufficient straw and can increase the litter 
allocation so as to produce 17,000-18,000 
metric tons of manure from the increased num- 
ber of cattle in 1965. This, plus the peat com- 
post, will manure 1000 ha annually. Liquid 
manure must be used, since proper preparation 
and mechanized application will provide good 
additional nutrition for the grasses in the live- 
stock farm and meadow-pasture rotations. 


Measures to retain snow are of importance 
in increasing the productivity of these soils. 
A snow survey in 1958 emphasized the import- 
ance of retaining snow over winter crops on the 
southern and southwestern slopes of the valleys. 
These areas are, in fact, free of snow through- 
out the winter. This prevents the accumulation 
of water in the soil (most necessary here) and 
entails the possibility of frost damage to crops 
and bad wintering of grasses. Snow retention 
can be effected in various ways (snow piling 
plows, snow fences, leaving corn and sun- 
flower stubble in the field, etc. ). 


An analysis of the soil map shows that it 

is not necessary to retain the snow on the east- 
ern half of the meadow-chernozem and cherno- 
zem-meadow soils with weakly dissected re- 
lief and the ground-water table near the sur- 
face. Snow retention is much more important | 
on the podzolized chernozems in the western 
half. 


Thus the first use of a large scale soil map 
is for correct internal economic planning and 
the distribution of crop rotations in relation 
to the soils, but this should not exhaust its 
uses. Kolkhoz, sovkhoz and district agricul- 
turists can use such maps to make the best 
possible distribution of crops in relation to 
their adaptability to heterogenous soil condi- 
tions. Areas in which the plowing, harrowing 
and sowing periods differ can be established 
from soil maps. The best distribution of 
fertilizing in relation to the different soils 
can also be established. Finally, the map can 
also be used for planning to control soil-ero- 
sion and selecting areas on which snow should) 
be retained and forest belts planted. | 


Received May 6, 1959 
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APROVEMENT AND RATIONAL UTILIZATION OF LOWLAND 
ALINE SOILS OF THE SOUTHERN POLES’YE AND NORTHERN 
DREST—STEPPE OF THE UKRAINIAN SSR 


N. SAMBUR and I. I. KOVALENKO, Ukrainian Scientific Research Institute for Agriculture 


The saline soils of the Poles'ye are distrib- 
din the depressions, mainly on terraces of 
»Dnepr, the Desna, and their tributaries. 
the majority of cases they have high poten- 
lfertility, conditioned by significant humus 
itent (2.8%-6.2%), the accumulation of nitro- 
1 in the form of nitrates and also other nu- 
ents, and by a favorable water regime, as a 
sult of the proximity of ground-water. 


However, at the present time these soils 

> used as pasiure, and in part also as low- 
\ductive hay land, with a yield of 3-5 cent- 

rs per hectare. This usage leads to compac- 
n of the upper soil layers, and, as a result, 
the drying and denudation of the surface, 

ich promotes rising flow of normal and 
jium-bicarbonate ground-water usually lying 
a depth of 1.5-2 m. The production of sodi- 
carbonate in ground-water, as has been 

ywn by the work of N. V. Orlovskiy and I. N. 
tipov-Karatayev and by others (1,2), is 
iditioned not only by physicochemical proc- 
3eSs, but also in large part by the develop- 

nt of separate biochemical processes under 
lerobic conditions — the result of the sulfate- 
lucing bacteria. The data of our own investi- 
ions support this thesis in connection with 
saline soils of the Poles'ye. 


As far back as 1955 we varified the presence 
a significant accumulation of sodium carbonate 
| bicarbonates, both in the ground-water and 
the upper soil horizons, with the artificial 
ation of anaerobiosis — as is apparent from 
data of Table 1. 


Analagous data on the raising of alkalinity 
creating anaerobiosis were obtained in an 
eriment with the very thick, low-humus 
rnozems of the Mironovskaya Experimental 
tion. 


The data adduced here indicate a sharp rise 
sround-water alkalinity and the appearance 
10rmal carbonates, of which there were 

ie prior to the experiments. Strengthening 
processes of sodium carbonate formation 
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in the ground-water was favored by the addi- 
tion of Rochelle's salt as energy material for 
the development of sulfate-reducing bacteria 
and also by the addition of sodium sulfate. In 
the upper soil horizons the process was 
qualitatively less, but even here, with the 
creation of anaerobiosis, total alkalinity was 
increased threefold. All the vessels upon un- 
sealing exhibited strong concentrations of 
hydrogen sulfide, as shown by a strong smell, 


The role of the sulfate-reducing process in 
sodium carbonate formation in the presence 
of initial sulfate salinization is generally known, 
and is well described in a summary monograph 
on the reclamation of saline lands (1); but up 
to now the quantitative aspect of the accumula- 
tion of sodium carbonate, and the role of this 
process in the increase of soil salinity where 
sodium sulfate is absent, have not been made 
clear. 


Thus, with the use of these lands for pasture, 
where anaerobiosis is increased as the result 
of trampling, the natural process of saliniza- 
tion is accelerated significantly, and this often 
leads to the formation of sodium carbonate 
solonchak-like soils, and in extreme cases, 
to solonchaks. The often recommended use 
of such soils as permanent improved meadows 
is not rational, in view of the fact that with 
such use forage grasses deteriorate rapidly, 
and plots are converted to low-productive mea- 
dows. In addition, such use does not lead toa 
decrease of anaerobiosis and the process of so- 
dium carbonate accumulation. 


Hence the necessity of reworking the mea- 
sures for improving lowland saline soils arises, 
not only from the point of view of getting a 
supplemental, and often insignificant, yield of 
agricultural crops, but mainly with the purpose 
of preventing ultimate progressive salinization. 


In view of the excessive wetting and the 
structurless soils, there arises first af all 
the necessity of increasing aeration in the 
upper horizons. Therefore, great significance 
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Changes in the composition of salts in ground-water and in sodsaline soil at the '"Peremoga" 
kolkhoz, Borodyanskiy Rayon, Kiyevskaya Oblast’ 


Scheme of experiment 


Initial Data November 20, 1955 


| After conducting experiment |% re- 
duced 
- sul- 


with full stoppered vessels, 
March 28, 1956 


\ 
Table 1 | 
| 
| 
| 
| 
| 


path Go=) | Heo} |! T3077 Al" coe, “ach= | sons eae 
t 4 | | 
Ground-water 7.2 |None: I 23a 0.001 | 0.043 100 
a ela =. 3.84 0.02 1.44 
Serer om 0.238 0.001 
chelles salt 0.5% Wd i - None 
G d-water + Na,SO ee ee | 
Na 234 13.526 
1.5% sh ai feces a) eC 
reseral pial naedox 1a 
Ground-water + Ro- 6.238 13.526 
chelles salt NA,SO, a0 u = -* —| None | 
1.5% TagU> Beeol.o | 
Meadow weakly saline Not | 0.018 0.007 Not | 
horizon 0-20 7.5 |det'd 03 0.155 det'd. | 
Same soil + 0.018 0.349 " | 
Na,SO, 0.5% ym Ono tee 
Sale soil + Rochelles 0.024 0.007 
salt 0.5% Venice Mi 
[ 0.4 0.445 


4In the numerator, grams; in the denominator, meq in one liter of ground-water or in 100 


grams of soil. 


attaches to the question of the treatment of 
lowland soils, which appears as the leading 
factor in increasing aeration and preventing 
rise of salty ground-waters. 


The experiments on the improvement of low- 
land saline soils of the Poles'ye were conducted 
by us at the Peremoga kolkhoz in the Borod- 
yanskiy Rayon of Kiyevskaya Oblast', on car- 
bonate, weakly solonchak-like, meadow, gley 
soils; and at the Lenin kolkhoz in Brovarskiy 
Rayon of the same oblast', on secondary-sal- 
inized-sod-medium podzolic gleyed soils with 
stronger carbonate-sulfate-chloride accumu- 
lation, where the amount of SO,= attained 6.77, 
chloride 9.77 and total alkalinity 1 meq per 
100 grams of salt crust in separate most strong- 
ly salinized samples, 


After plowing up the plots we seeded them 
with forage beet and sugar beet, as the most 
salt-absorptive forms of vegetation. 


The experiment with sugar beet was con- 
ducted in 1955, after earlier preliminary 
spring shallow plowing of sod and disking. The 
experiments with the forage beet were con- 
ducted in 1956 with spring plowing and pre- 


liminary shallow plowing of sod in the fall of 1955. 


The results of treating the soil and applying 


fertilizers were studied on succeeding spring 
crops sown with perennial grasses, and on 
perennial grasses alone. Let's examine the 
results of the experiment of meadow-carbon- 
ate-weakly saline-gleyed soils (Tables 2, 3). 


It is apparent from the data that in the first 
year of the experiment the greatest yield of 
sugar beet root on non-fertilized land was ob- 
tained by deep plowing with overturn of crust 
to 25-30 cm, where the yield, as compared 
with that of land plowed tothe usual 16-18 
cm, Showed an increase of 75-76 centners per 
hectare, or 49%-50%. In the case of subsoil 
plowing, and also with Mal'tsev's method, the 
increase in yield was insignificant. 


The high effectiveness of deep plowing with 
turnover of crust to 25-30 cm is explained by 
the fact that in soils which are excessively we 
and inclined to compaction there are created 
better conditions for aeration — conditions 
which promote a favorable development of an- 
aerobic microorganisms, which, decomposing 
the organic material of the soil, guarantee 


better nutrition for plants during vegetative 
growth. 


Such results from soil treatments are basi 
cally maintained during the second and third 
years following the treatments, as shown fror 
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Table 2 


Yield of sugar beet root in 1955, centners per hecare® 


Manure 

Scheme of experi- metric T/ |N,;P¢ + SYP- 
ment. Depth . | NasPeo | ha + gyp- | sum + 1.8 
of plowing, cm sum 1,8 | metric T/ha 

metric T/ha 


16—18 


13—14 + soil depth 
to 10-12 
25 
30 
45 (Mal'tsev's 
method) 


4 The nitrogen was applied in the form of ammonium sulfate; phos- 
phorus in the form of superphosphate. 


Table 3 


Yield of oats and hay, centners per hectare@ 


Manure 25 
Scheme of experi- San one T NysPoot £YP- 
ment. Depth Contro : ret ee ae sum + 1.8 
of plowing, cm eee cei raf metric T/ha 
T/ha etric 


Total mass of oats, 1956 


16—18 3900 30-0) | oone 34.4 BA 
13—14 + soil depth 
to 10-12 Wal th | AO, Y | Bk 36.8 30.7 
25 EP 2A if | BYE) Sila Dame) 
30 UE Tl) AAE |) Byes) aoe Dee 
45 (Mal'tsev's 
method) WN S| B98) | GBS Bene 29-8 


Hay from perennial grasses, 1957 


24.4 


16—18 done | 24138 


13-14 + soil depth 


24 52 


to 10-12 2A SO) I Diss) | 22244 Bil ew 
25 SUMS on0 je 2ico Bil A 
30 YAO | Sere lt Pare 4l 30.4 
45 (method of 


Mal'tsev) 28.3 | 34.8 | 27.6 Boies 


4The nitrogen was applied in the form of ammonium sulfate; the 
phosphorus as superphosphate. 


le 3, where the greatest yield of total mass as a result of which almost identical conditions 
ats and hay from perennial grass was ob- of aeration are created in the upper horizons, 
1ed with deep inversion plowing to 25-30 cm. apart from the influence of the type of treat- 
vever, the yield among different types of plow- ment. 


as would be expected, evened out, as is , 
nessed by the rapid compaction of the soil, The influence of the treatment pointed out 
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here is also basically characteristic of the fer- 
tilized plots, though in this case the yields are 
not the same. Thus in the first year manure 
was applied, the yield of sugar beet root in the 
case of 16-18 cm plowing was 43 centners per 
hectare; with Mal'tsev's method, 20 centners 
per hectare; while deep admixture of manure to 
25-30 cm produced no additional yield. This 

is explained by the fact that with deep admix- 
ture, the mineralization of manure becomes 
difficult under conditions of significantly less 
aeration, In the second year after the addi- 
tion of manure, also, there was no increased 
yield of total mass of oats. 


In 1957 the effect of manure showed up 
distinctly. This is explained, obviously, by 
the fact that this year, when there was a 
smaller amount of precipitation and a lower 
level of ground-water (to 3 m, instead of 1.8 
m in 1955-1956), the mineralization of the 
manure was incre23ed, and this resulted in 
an increase of yield from perennial grasses, 
particularly those from soil with deep admix- 
ture of manure. With mineral fertilizers and 
gypsum, the picture changes. Thus, in the 
first year, with use of nitrogen in the form 
of ammonium sulfate, the sugar beet yield 
was increased in the case of the customary 
16-18 cm plowing and also in the case of sub- 
soil plowing and Mal'tsev's method; while with 
deep plowing, with inversion to 30 cm, there 
was no increase; and with inversion to 25 cm, 
an unfavorable result was also obtained. In 
other words, the effectiveness of fertilizers 
falls off in proportion to the depth at which they 
are added. The same pattern was observed in 
the case of added gypsum. 


The absence of an effect from fertilizers 
and gypsum on deep plowed plots with turnover 
of crust to 25-30 cm is explained by the fact 
that with deep implantation of these substances 
in the soil under anaerobiotic conditions, sul- 
fates are renewed by biological means, along 
with the formation of hydrogen sulfide, which 
is poisonous to vegetation. The process of 
sulfate renewal by anaerobiotic sulfate-reduc- 
ing bacteria and the formation of hydrogen sul- 
fide can be expressed briefly thus; 


yea Nia 
Soil _ + (NH,),SO,= Soil, —— NO, + CaSO,; 
Ca NH, 


CaSO, + 2C=2CO, + CaS; 
CaS + CO, + H,O=CaCo, + H,S. 

This process, as shown above, is supported 
by our laboratory experiment with ground- 
water and soil taken from the sugar beet area. 

The reduction of sulfates and the poisoning of 


vegetation by hydrogen sulfide increased signif- 
icantly in the second year following their intro- 


duction in view of the worsened aeration resu 
ing from the abundance of precipitation durin 
the first half of the year and in the spring. T 
led to a decreased yield of total mass of oats \ 
plots with ammonium sulfate and gypsum, sin! 
the sulfate reduction could take place inthe | 
presence of excessive moisture, even in the } 
upper horizons. 

| 


Several contradictory data for hay yield 
from perennial grasses on the plot with sul- | 
fates, applied in the form of ammonium oe i 
and gypsum, are explained by the uneven reli 
of the section; in the lower portions, where th’ 
conditions favored reduction of sulfates, the 
yield was lower, but in higher portions a bett 
development of vegetation and increased yield: 
were observed. | 


Along with the previous experiment, an 
analagous one was carried out in 1956 with the 
spring plowing, the shallow plowing of sod | 
having been done in the fall of 1955. In this — 
experiment potassium was applied, as well — 
as nitrogen fertilizers — not inthe form of _ 
ammonium sulfate, but as ammonium nitrate, 
as was done in the first experiment. Manure 
was added in a transformed, rather than ina 
straw form. The first crop was fodder sugar 
beet. 


The yield of sugar beet root and oats is 
presented in Tables 4 and 5. From the data 
given it is evident that the greatest yield of 
fodder beet root in the non-fertilized plots, 
just as in the first experiment, was obtained 
from deep plowing with inversion to 25-30 cm, 
this being conditioned by the best aeration of 
soil under the given treatment. The same re- 
sult was shown also in the second year after 
plowing, though in smaller degree. 


On the plots where manure and mineral fer 
tilizer were applied the yield of fodder sugar 
beet rose significantly in comparison with the 
non-fertilized plots for all types of treatment. 
This phenomenon is explained by the fact that 
the manure was applied in semi-decomposed 
form: consequently, a significant quantity of 
nutrients was present in it in easily assimil- 
able form. Nitrogen was applied in the form 
of ammonium nitrate — in other words against 
a background of NP the amount of sulfates was 
lowered significantly. The application of sul- 
fates into the soil in the form of gypsum in thi 
experiment led to reduced yield of sugar beet 
roots, obviously in view of the negative action 
of the hydrogen sulfide on the plants during th 
growing period. 


The second year after the treatment of the 
soil, the role of deep plowing with inversion 
of soil to 25-30 cm, came to a minimum, witl 
only an insignificant increase in oat yields. 


Mineral fertilizers and manure, in their 
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Table 4 


Yield of sugar beet root at the ''Peremoga" kohkhoz in 1956, centners 
per hectare 


Scheme of experi- Manur iG Manure 25 
ment. Depth of cos 25 aa NEP NasP oo to metric T/ha 
plowing, cm rol jmetric| °°) N,, metric|*+ Sypsum 1.9 

e | T/ha T/ha |metric T/ha 

16—18 0 

13—14 + soil depth ae Zio p32 ze ais ae 

to 10—12 
25 
ab ae 366 396 364 300 ky) 
1 crttepeopall 2 1 PE es EP It 460 
method) 403 404 392 281 319 
300 | 399 | 380 342 308 361 
Table 5 


Yield of oat grain on the 'Peremoga" kolkhoz in 1957, centner per hectare 


ie anor Gvps Manure 25 
singe pe Conniltos N..P aS metric T/ha 
- Depth of «| Naso ae Go i 1.9 
eiswing « cri trol |metric Nigu eimetriciy ©) Pou. 
; T/ha T/ha | metric T/ha 
16—18 8.7 8.8 dof ee ae O 
13-14 + soil depth| . | eee as 
to 10—12 
25 8.58 9.2 8.4 6.8 fe)5 3) Hed 
ie mnie oP 110)..41 owt 6.0 8.8 #210) 
al'tsev's | 9.9 2,2 Doll Ger 8. ee 
method) : igs 
8.9 Ono) Tse oS 8.8 hal | 


idual effects, did not exert a positive role 
the increase of oat-grain yields, although 
development of plants where these substances 
re used was better than on the control plots. 


The basic cause of the slight effect, or even 
ny residual effect at all, on the part of min- 
1 fertilizers and manure on grain yield (the 
ld of straw was large), is the dryness of air 
sed by the high temperature during the 

st ten days of August (30-32°C); this leads 
he ripening of the oats and the formation of 
srior grains. 


Gypsum did not exert substantial influence 
-esidual effect on the decreasing grain yield 
of straw yield), since, in 1957, as a result 
he sharp lowering of water level (to 3 mas 
inst 1.6-1.8 m in 1955-1956), the soil in 
upper horizons was not excessively wet, 
‘the anaerobic processes of sulfate reduc- 
1 were considerably reinforced. The appli- 
ion of potassium to these soils, both in the 


first year (1956) and in residual-effect (1957), 
led to a decreased yield. 


In the experiment on improvement of 
secondary salinized, sod-medium podzolic 
soils at the Lenin kolkhoz of Brovarskiy Rayon 
in Kiyevskaya Oblast' (Table 6), the greatest 
yield of sugar beets on all plots was obtained 
with deep plowing to 25-30 cm, which, as in- 
dicated previously, was accompanied by better 
aeration of the soil. 


The absence of any negative effect from the 
application of gypsum to the soil in this experi- 
ment — and even its positive effect — with plow- 
ing to 25 cm and with subsoil tillage, was con- 
ditioned by the fact that these soils are sig- 
nificantly less wet as a result of the deeper level 
of the ground water during the course of the 
growing period (to 3 m): the reduction of sul- 
fates by biological means shows up only in 
early spring when the level of the ground water 
is raised, The role of deep plowing and the 
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Table 6 


Yield of fodder beet root and of root mass of the vetch-pea-oats mixture, 
at the Lenin kolkhoz, centners per hectare 


, \Manur Gyps Manture 30 | N,.P,, + | 
Scheme of experi- Cons 30 3.0 | metric T/ha gypsum 3.0 
ment. Depth of trol |metric| N»P« |metric] gypsum 3.0 | metric 
plowing, cm T/ha T/ha| metric T/ha | T/ha 
Fodder beet root, 1956 
[oh tie oat | 
| © 
16—18 | 319 | 387 | 411 | 306 | = 3360392 
13—14 + soil depth 
to 10-12 : | 
25 DEX) | BOB AOA ay? 336 per a20) 
45 (Mal'tsev's | 331 | 387 | 445 | 450 | 395 | 411 
method) 1 
S23) 1) 300 11) 390 7) SC ol Omen es 
| i | 
Dry mass of vetch-pea-oats mixture, 1957 
| | | : | | 
1oo28 26.8 |. 308-28 23-2 rd BO a2 23.0 | 
| | | | 
13—14 + soil depth | i 
we Le Pil Delta. 10F DH fopa2detl Hom? 28 |e | 
25 23-4 soles | 2002 mon) | 33.0 OR 
45 (Mal'tsev's 
period) 25.89) 20.24) 27.4.4. 2064 le mae 18.8 
b i Le i | 


2 Harvest in the flowering period of peas. 


application of fertilizers in this experiment in 
the second year shows up Significantly, as is 
apparent from the yield data of the vetch-pea- 
oat mixture. 


On saline soils on better drained areas of 
the northern forest-steppe of the Ukrainian 
SSR, the application of ammonium sulfate and 
gypsum shows a positive effect on the yield of 
agricultural craps. This is shown by data 
from the experiments of the Ukrainian Agricul- 
tural Research Institute (G.N. Sambur) conduc- 
ted at the village of Bzov in Baryshevskiy Rayon, 
Kiyevskaya Oblast’. 


As a result of plowing and cultivating agri- 
cultural crops on these lowland saline soils, 
progressive salinization was not only dimin- 
ished, but, on the contrary, replaced by de- 
salinization, particularly in the drained areas 
(ground-water level lower than 3 m) (Table 7). 
Thus, on secondary-salinized, sod-medium 
podzolic soils, as the result of plowing and plant- 
ing of fodder sugar beet in the first year, the 
amount of water-soluble salts in the upper hori- 
zons of the soil is sharply diminished, The 
second year of utilization of these soils with 
a vetch-pea-oats mixture the desalinization 
of the soils continued. 
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From the data given it is evident that al- 
kalinity, the content of water-soluble salts 
(chlorides and sulfates of sodium), has diminr 
ished sharply in comparison with the initial _ 
content (May 5, 1956), especially in the uppe 
soil horizons, as a result of plowing and so 
agricultural crops on these soils. 


On a long-abandoned plot adjacent to the e 
periment, the amount of water soluble ele- — 
ments increased basically towards the upper 
soil horizons. This indicates progressive 
salinization. | 


Conclusions | 
1, Ground-waters, containing bicarbonate 
and carbonates of sodium, and lying at a dept 
of 1.5-3.0 meters from the surface, are the | 
source of the salts found in the saline soils c 
the Ukrainian Poles'ye. The formation of sc 
carbonate in these soils is conditioned for thi 
most part by the development of the sulfate- 
reducing process in the presence of strongly’ 
developed anaerobiosis. 


The utilization of these soils at the prese1 
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time for pasture leads to compaction and con- 
traction of capillaries, and to denudation of the 
surface; consequently, also, to a strengthen- 
ing of the rise of ground-water flow. In this 
situation, the naturally slow salinization is 
accelerated, and often leads to the formation 
of sodium solonchaks. 


2. At the present time the basic factor which 
limits the use of weakly saline, lowland soils of 
comparatively high potential fertility, is the 
decreased aeration of such soils, brought on by 
their structureless state and excessive moisture 
resulting from the proximity of ground-water. 


3. Field experiment has established that 
the most effective means of raising the fertility 
of these soils is deep plowing, with inversion 
of soil to 25-30 cm, by which the very best 
aeration is achieved. The usual inversion of 
16-18 cm, subsoil plowing, and plowing by 
Mal'tsev's method, are less effective. 


The equalization of yield of the oats and the 
vetch-pea-oats mixture, among the types of 
plowing, observed the second year after their 
introduction, indicates a very rapid salinization 
of the soils, and the creation of almost identi- 
cal conditions of aeration independent of the 
type of plowing. It is therefore obviously 
necessary to conduct deep plowing every year, 
with inversion of soil surface for every crop 
of the field period of meadow crop rotation. 


4, Manure should not be admixed deeply, 
and should be used in semi-decomposed form, 
in the case of deep working of the soil. 


Nitrogen fertilizers in conjunction with sup- 
erphosphates on excessively-wet, weakly saline 
meadow gley soils should be applied in the form 
of ammonium nitrate, since, their application 
in the sulfate form leads to lowering of yield, 
as a result of the poisoning of vegetation by the 
products of biochemical reduction of sulfates 
(hydrogen sulfides and other sulfides). 


5d. Adding gypsum in conjunction with deep 
plowing with inversion of sod is an effective 
measure for improving less excessive wet 
soils. 


The application of gypsum to excessively-wet 
soils, like the application of ammonium sulfate, 
leads to reduced yield. 


6. The first year these lands were plowed, 
it was necessary to sow fodder or sugar beet 
as the more stable and productive crops. In 
addition, their cultivation leads to a supple- 
mental breaking-up of sod, while cultivating 
the soil in the growing period leads to a de- 
creasing upward flow of ground water anda 
diminution of salinization. 


Received February 20, 1959 
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ADSORPTION OF RADIOSTRONTIUM BY SOME SOILS | 


AND SOIL MATERIALS 


V.I. SPITSYN and V. V. GROMOV, Institute of Physical Chemistry, Academy of Sciences, USSR ~ 


From the physiological point of view, the 
most hazardous of the radioactive fission pro- 
ducts is strontium-90. Its production in urani- 
um fission is considerable, amounting to 5.13% 
Its long half-life (27 years) and retention in 
the skeleton of men and animals (especially 
growing organisms) necessitates the careful 
study of radiostrontium movement in soils, 
where it may occur as a result of atomic ac- 
cidents or atomic explosions (8). 


It is known from geochemistry that stron- 
tium is usually associated with calcium in its 
movement in the earth's crust (10,14). This 
fact indicates the necessity for a detailed study 
of the effect of calcium ions on adsorption of 
microquantities of strontium on natural sor- 
bents. 


There is little work reported on strontium- 
90 sorption by natural materials. It has been 
shown (11) that radiostrontium is first ad- 
sorbed from a solution filtering through sand, 
and is washed out upon further percolation 
with the same solution. The following series 
was established for several cations displacing 
strontium-89, 90 from soils (16): 


Cs+ > NH,+ = K+ > Nat > Lit. 


Partially calcined dolomite adsorbed 90%-98% 
of radiostrontium from a non-saline solution 
(0.2 g sorbent in 50 ml solution) (1), Numer- 
ous papers (6, 12, 13, 15,17) have dealt with 
adsorption of mixed fission products, including 
strontium-90, by natural materials. In this 
respect, different soil types, montmorillonitic 
and kaolinitic clays, sand, nepheline syenite, 
etc., have been studied, These investigations 
showed that micro-quantities of strontium in 
the presence of other cations, particularly 

Ht, are poorly adsorbed. In no case has ir- 
reversible adsorption of radiostrontium been 
observed. However, some data shows that 
adding lime, or even humus, to acid soils 
brings about tighter bonding of fission products 
(5,7). The complete mechanism of this bond- 
ing is not yet clear. 


In this study, we attempted to include the 
widest possible range of natural sorbents, | 
mainly pure minerals found in soils, in order 
to determine their adsorption of microquanti- | 
ties of strontium under uniform experimental | 
conditions. Chiefly, minerals of the calcite, _ 
feldspar, montmorillonite, gypsum, and mica, 
groups were studied. In addition, such sor- 
bents as peat, peat ash, lignite, and some 
others were studied. The experiments were 
carried out in four solutions (Table 1). 


The first two solutions contained different 
amounts of carrier-free strontium-89-90, 
without any added salt. Stable strontium chlox 
ides was added to the third solution, and calci| 
um chloride to the fourth. The concentrations 
of the radioactive isotopes were 10-7 — 10° N 


The experimental method was as follows: 
1 g sorbent was shaken with 50 ml solution unt 
equilibrium was reached, which sometimes re 
quired several days. Then samples were with 
drawn for radioactivity measurements. Since 
strontium-90 has a radioactive daughter, 
yttrium-90, the samples were held 14-15 days 
in order to establish radioactive equilibrium 
between Sr®°°—Yy°°, Beta-ray counting of stron 
tium-yttrium was done in the usual ways (9) 
on a B-2 apparatus using a 1.2 mg/cm? mica 
window. The sorbents had previously been 
ground and 80-100 mesh fractions selected, 
but some — montmorillonite, kaolinite, peat 
ash, and dickite — were finer than this. 


The results are presented in Tables 2 and | 
where K signifies the adsorption of radiostron 
tium in percent of the original amount in solu- 
tion. The experimental error did not exceed 


2%- 3%. 


Montmorillonitic clays of different origin 
are designed in the tables by letters: A — 
Kyzyl-SP (Kazakhstan), B — Oglanlinsk (Turk 
men SSR), C — Kil (Crimea), D — Askangel' 
(Georgia). Equilibrium pH values of the solu- 
tions varied from 7 to 9. 
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Table 1 
Composition of initial solutions (pH 8-9) 


Concentration | Activity of é 
Solubion of stable strontium- Concentration 
No. strontium, 89, 90; NEES 
meq/1 curies/1 meq/1 
1 0 Tapa Ome 0 
2 0 IES) Se NOSE 0 
3 5 8 x 10-§ 0 
4 0 Sexe Ome 5 


Translator's note: According to statements in the text, 
I believe the activity of strontium-89, 90 in solution No. 
2 was actually 8 microcuries per liter instead of 1.5. 
However, there is no explicit statement to this effect. 


Table 2 
Adsorption of radiostrontium by some natural silicates and aluminosilicates 
Ad- | “Ad- Ad- 
F Soln. |sorp- Min- | Soln. !sorp- : Soln. |sorp- 
ene ey Morea Nola tion RCT oe eralm| No Hon, COED ne eho tions 
% % % 
3 |Glau- 4 1 | 99.9| » | Quartz 4 20 
o conite 2 718 2 99 2 49 
f= ay 1) 67 3 | 99 2 3 8 
a 4 70 41) 98-1] 4 6 
2) ee eS ee - : 
sly a Te} ef? [2 (8ile fae] 28 
~ i 2 os 2 : S polite 
Ebel see ok | Aer gp ae 3 {93 | & 3 | 50 
A 82 = 4 | 99 a 4 54 
wu fob) 
ae ; le: 9 & _ |Khibin- 4 70 
pao 5 ie E ; 05 ox ite 2 72 
3 60 5 3 | 85 g.8 She aes 
5 Toman “Ona = 4 17% | oe se 
= |Musco-| 1 | 87 PD el 1 Pillss ,- |Nephe- | 14 | 74 
vite 2 85 201,99 S q | line 2 69 
3 71 ew aeiney? Be 3 35 
4 80 4 | 92 Zo h 40 
‘ wn 
Super- 1 66 Na- 4 60 8 Asbesto 4 56 
pentine Zs 63 tro- 2 66 a fl 
2 3 34 tee eo tl 20n 3 46 
I 4 | 36 | 2 Ts a nee 4 | 41 
& |Kaolin- | 14 68 © |stil- | 4 22 | |Albite- | 14 27 
ac : N : 2 7 2 32 
1 ite 2 67 bite 4 3 £5 
2 3 441 3 23 ; a 
oe 4 40 4 12 : 
< Oligo- 4 39 
o a8 88 
@ |Dickite 4 Sa aie Hallo i a nine eS 
) 2 29 5 ysite} 2 by 
3 Cy te 3 Th Fy 3 18 
4 20 | ga 4 72 | @ 4 24 
o = 4 
Tale 18 Aeg- ‘l 50 ® |Labra 
z oS irite| 2 | 60 | ™ | dorite | 2 
Ss Ss 16 3 33 : 
6 Se eee 
(o) o - : a 
eae leestaced ap lBch ie ace owls 
| phyllite | 2 14 & | side} 3 in aa 
3) 3 7 Ay 3 20) 
a 4 6 4 49 | 4 41 
= H 4 45 
|Kyanite 1 44] 4 orn = | 5 < a 
= , 2 44 |-G q |blende 2 15 a | a 
a 3 | 31 | ac PS | aah ara ca 
aw Peers iene 4 = 


4 Explanation given in the text. 
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V.I. SPITSYN AND V.V. GROMOV 


Table 3 
Adsorption of radiostrontium by some minerals other than silicates and 
aluminosilicates 
r Ka- oe er os a 
Soln, |SOrP- ae 
Group |Mineral |’), ° ltionK,| Group | Mineral oe tion K, 
% i % 
Magne- Peat 
oe ' 34 ea 4 93 
2 33 2 92 
3 22 3 86 
4 24 4 75 
| 
Calcite 4 40 Peat ash 4 55 
2 48 =| 2 54 
3 43 ‘&p =! 42 
4 24 u 4 39 
fo) 
g 
Lime- 4 45 a Lignite 4 60 
stone 2, 49 S , 08 
(rock) 3 38 ae 3 42 
4 29 2 4 37 
n 
g |_———_ ¢ 2 
< Aragon- 4 | 39 o Diatom- 4 58 
oO ite 2 40 cS aceous 2 60 
3 29 earth 3 40 
4 PM 4 39 
Iceland 4 33 Q Covel- il 2 
spar 2 38 a lite 2 4 
3 28 eS 3 0 
4 20 S 4 4 
Anker- 4 35 2 Limonit 4 
ite 2, 40 a 2 
3 25 3 3 
4 15 ED 4 
rs 
e 
Dolo- 4 30 © Hydro- 4 
mite 2 28 S| goethite 2 
3 20 iat 3 
4 21 3 4 
Anhy- | (n 6%4 Phos- { 
drite 2 39 hori 2 
3 37 4 phorite 3 
g 4 | 25 2 4 
n ~ 
g |Gypsumj 4 | 48° & | ¥Fluora- 1 
S) —ala~- | 2 | 50 < | patite 2 
baster 4 40 3 
4 16 4 
Pyro- SS Ske ae 
= lusite 2 99 = site 2 
= 3 94 3 3 
[ae 4 25) oO 4 
Lo a | Hema- fl 28 — = bas 
Pils tite 2 20 == = Zos 
i} g B 3 20 — a ie 
O8s ee E Ps x: 


RADIOSTRONTIUM ADSORPTION 


Table 4 


Exchange capacity of sorbents (determined with SrCl,) 


a Mua Ver eet Montmorillonite 
: sl . - _ |Musco , aolin é owe bce 
Mineral peeke is phor- eure | vite pla ite Apatite 

mite | "ite ite lite Aa B Cc 

i} 

xchange in 
mg-meq 4 2 ma 36.2 14 104 22 8.4 102 98 108 
per 100 ¢ 
af xplanation given in the text. 
he results show no chemical specificity Conclusions 


sadiostrontium adsorption by any of the 
srals investigated. Radiostrontium was 
adsorbed by montmorillonite, kaolinite, 
is, hydrous micas, pyrolusite, halloysite, 
, phosphorite, and nepheline syenite, i.e. , 
e sorbents which in general possess large 
ange capacities, as may be seen in Table 


xchange capacities of the minerals were 
rmined by shaking a sample of sorbent with 
tion containing a large amount of stable 
atium at pH 7-8. Strontium concentrations 
1 measured using radiostrontium 89, 90. 


he abundant soil minerals of the calcite, 
spar, quartz, and gypsum groups do not 

rb strontium significantly. Therefore, 
Istrontium adsorption by the mineral part 
ils is determined by the clay minerals, 

h are usually found in a finely divided state, 
mtrast to the other minerals. 


addition, it follows from Tables 2 and 3 
al solutions 3 and 4) that the presence 
lcium in concentrations approximately 

l to those in river waters sharply reduces 
ystrontium adsorption. Thus, radiostron- 
falling on the soil will move into the 

1's mantle under the influence of the cal- 
ions usually occurring in river and 
nd-waters. 


he mechanism of radiostrontium adsorp- 

by the minerals investigated is believed 

volve ionic exchange, since most of the 

rals chosen exhibit ionic exchange proper- 
This has been convincingly shown by 

ral authors in earlier publications (2, 3, 4). 


e could not detect any effect on the level 
diostrontium activity in solution of the de- 
of its sorption (Tables 2 and 3, initial 
ions 1 and 2). 
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1. Adsorption of the radioactive fission 
product strontium was studied with fifty natural 
materials frequently found in soils, from solu- 
tions containing no extraneous cations and in 
the presence of stable strontium or calcium 
ions. 


2. The greatest adsorption of radiostrontium 
was shown by the clay minerals (montmorillon- 
ite, kaolinite, halloysite) micas, hydrous 
micas, peat, pyrolusite, phosphorite, and 
nepheline syenite. Therefore, when radio- 
strontium falls on soils, one expects highest 
contents where these minerals are present, 
other things being equal. 


3. It was established that the ability of natural 
materials to adsorb radiostrontium strongly de- 
pends on a large exchange capacity. The pres- 
ence of calcium, even as little as 100 mg/1, 
considerably reduces the adsorption of micro- 
quantities of strontium from solution. 


4, Radiostrontium, filtering into ground- 
water, migrates easily and may enter man and 
animal organisms. 


Received September 11, 1958 
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TATER—SOLUBLE ACIDS OF SOLID FOSSIL FUELS 


A. KUKHARENKO and T. YE. VVEDENSKAYA, Institute of Fossil Fuels, Academy of 


iences, USSR 


The separation and investigation of the 
emical nature of fulvic acids from solid 

3Sil fuels is of interest in studying the nature 
d genesis, not only of these materials, but ' 
30 of soil humus. The formation and compo- 
ion of coal and soil have common features, 
hough essential differences exist depending 
the different conditions under which the 

mic material is deposited. In solid fuels, 

2 processes of synthesis in the peat and 

nite stages are probably more distinct from 
se of oxidative destruction in the carboni- 
fous stage. 


We investigated the acids of the filtrate 
maining after precipitating humic acids from 
alkaline extract of solid fuels, after remov- 
‘the bitumens, which are usually mistaken 
*fulvic acids, The fuels investigated in- 
ided peat from the ''Borovoye" deposit, 
umen'Oblast', earthy lignite from the Alekhs- 
driya deposit, and weathered coal from the 
znetsk basin: two bituminous coal samples 
different weathering from the Prokop'yevsk 
posit, Maneikha mine, and a low-grade coal 
ym the Bungur-Listvyansk deposit, Bungur 
mel, Also investigated were coal samples 
idized with 30% H,O, at 60°C: unweathered 
ft coal from Baydayevsk mine, and the resi- 
2 after extracting the humic acids from 
athered coal from Bungur tunnel. Finally, 

> soluble acids, obtained upon decomposing 

» humic acids from earthy lignite with sodi- 

| metal in liquid ammonia, were investigated. 


The soluble acids were separated accord- 
to the method described by Drozdova (2). 
‘previously used this method (Fig. 1) to 
idy the water-soluble materials obtained 
mn decomposing humic acids with metallic 
lium in liquid ammonia (5). 


The filtrates were adsorbed on activated 

tbon and successively washed with aqueous 
stone, water, and aqueous alkali. The al- 
i fraction, containing the true acids of the 
rate, was passed through cation exchanger 
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SBS in order to remove cations and convert 
the acids to the hydrogen form. The acid solu- 
tions were evaporated under vacuum, and the 
residues extracted with cold absolute ethanol. 
An insoluble residue, containing 13%-25% of 
the organic material, remained and was not 
investigated further. In order to fraction- 
ate the fulvic acids, the alcohol solution was 
carefully poured dropwise into an excess of 
dry sulfuric ether. A brown amorphous pre- 
cipitate formed, but considerable fulvic acid 
remained in solution in the ether. The pre- 
cipitated fulvic acid was repeatedly washed in 
ether and dried at room temperature ina 
stream of nitrogen. Such precautions were 
necessary because freshly precipitated ful- 
vic acids are easily polymerized in the pres- 
ence of oxygen and moisture, especially at 
higher temperatures. 


The ether-soluble part of the acid is easily 
redissolved in alcohol, but does not precipi- 
tate upon pouring the alcoholic solution into 
an excess of ether. Upon evaporating the ether, 
a mixture of tar-like acids, with a sharp char- 
acteristic odor, remains. 


Thus, the acids in filtrates from the solid 
fuels studied were separated into amorphous, 
alcohol-soluble, ether-insoluble acids (with 
every reason to consider them as fulvic acids) 
and tar-like acids soluble in both alcohol and 
ether. The latter constitute the major part 
of the separated acids in the filtrate (Table 1). 
A total yield of acids was not obtained because 
of considerable losses on the activated carbon 
and cation exchanger. 


The acetone and water fractions desorbed 
from the activated carbon were not studied. 
The acetone fraction was present in significant 
amounts only in filtrates from peat and was 
absent in those from coal. Neutral material, 
desorbed with water, was present in small 
quantities in filtrates from peat and lignite; 
it was not found in those from weathered coal. 
Steam-volatile acids (traces of formic and up 
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Extraction with alkali 
Neutralization 


Humic Acid 
acids filtrate 


Acidification to pH 2.5-3.0 


Adsorption on activated carbon 
Desorption 


Alkali 
fraction 


Ion exchange chromatography 


Evaporation 


Water 
fraction 


Acetone 
fraction 


ase 
Solution in alcohol 


cohol solu- Residue not 
tion of fulvic soluble in 
aci alcohol 


Precipitation from ether 


Fulvie acids 


not soluble in Acids soluble 
ether in ether 
Fig. 1. - Diagram of the separation of fulvic acids from coal. 
Table 1 


Yield of fulvic acid and ether-soluble acids in percent of their total amount 


Substance investigated Ether-soluble 
acids 
Peat, sample 1 TD 
Peat, sample 2 68.04 
Earthy lignite 85.85 
Weathered soft coal, samples at 
surface Shi 
Same, sample 3 meters from surface 400.00 
Weathered coal, low-grade 89.73 
Artificially oxidized unweathered soft 
coal 92.41 
Artificially oxidized residue from low-grade 
coal : 
Os alt 
to 1.5% of acetic) were present in filtrates ether-soluble acids and water-soluble mater- 
from the coals. Therefore, the acids from ials. Weathered coal filtrates contain fulvic 
these coals may be separated without pre- acids, ether-soluble tar-like acids, and 
liminary fractionation on activated carbon. steam-volatile acids. 

Thus, it was found that filtrates from peat Fulvic Acids, The precipitated fulvic acid 
contain, in addition to fulvic acids, acetone- were an amorphous, light-colored product. 
and water-soluble materials of neutral char- They were soluble in alkalies, alcohol, con- 
acter. Lignite filtrates contain fulvic acids, centrated acids, and molten phenol. They we 
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WATER-SOLUBLE ACIDS 


Table 2 
Elemental composition of fulvic acids from peat and various coals 


Substance investigated 


Elemental composition in % of the 


organic material 


Peat, sample 1 
Peat, sample 2 
Earthy lignite 


Weathered soft coal 

Weathered coal, low-grade 

Artificially oxidized unweathered soft 
coal 

Artificially oxidized residue from low- 
grade coal 

Acids obtained by decomposing humic 
acids with metallic sodium 


—<$_$___/- 


lightly soluble in cold and hot water, acetone, 
lore soluble in methyl ethyl ketone, and in- 
oluble in benzene, dioxane, chloroform, ethyl 
ther, and carpoon tetrachloride. 


The elemental composition of the fulvic 
tids is given in Table 2. The carbon content 
3 42%-51%, hydrogen 4%-5.6%, and nitrogen 
3%-4.5%. Thus, the composition of fulvic 
cid of diverse origins shows a certain con- 
fancy. The composition is nearly the same 
s that of soil fulvic acid, in which the carbon 
mntent is 43.2%-49.9%, hydrogen 3.3%-5.8% 
ad nitrogen 1.8%-5.7%, according to data of 
yurin, Ponomareva, and Kononova (4, 6, 7, 8). 
he elemental composition of fulvic acid from 
al oxidized under natural conditions differs 
om that of the other samples by a somewhat 
igher content of carbon and lower contents of 
trogen and hydrogen. We believe this re- 
ects the oxidative destruction processes oc- 
irring durint its formation. 


The determination of active groups in fulvic 
ids by methods commonly used to study 
imic acids presents certain difficulties be- 
use of their solubility in a number of sol- 
nts. The total content of active acid groups 
as determined by reaction with barium hy- 
oxide. 


In addition, the equivalent acidity was de- 
rmined by titrating an alcoholic solution of 
lvic acid with 0.1 N sodium hydroxide. The 
gher value obtained in the latter case indicates 
e presence of easily hydrolyzed groups. The 
mtent of carboxyl groups was determined by 
action with calcium acetate, and also by 
ethylation with methyl alcohol. The content 
phenolic hydroxyls was determined by the 
fference between the total content and the 
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content of carboxyl groups. For this purpose, 
the reaction with diazotized paranitroaniline 
was also used, since it can detect the pres- 
ence of phenolic hydroxyls in the para posi- 
tion (1). 


According to our data (Table 3), the total 
content of active acidic groups in fulvic acid, 
determined by chemisorption, was 8.5-9.8 
meq/g, and that of carboxylic groups was 2.4 
-4,7 meq/g. A smaller value for carboxyl 
groups was obtained by methylation than by 
reaction with calcium acetate. . This may be 
explained by the presence of lactone groups, 
acting as acids in aqueous medium, or by 
the partial formation of complex esters upon 
solution in absolute ethanol. 


The content of phenolic hydroxyls, deter- 
mined by the reaction with diazotized para ni- 
troaniline, are also somewhat lower than 
those determined by chemisorption. 


The content of methoxyl and ethoxyl groups 
in fulvic acids, determined by the method of 
Fibeck and Brecher, was 1.7-2.9 meq/g. 
Characteristically, these groups, or rather 
those split out by hydriodic acid under the ex- 
perimental conditions, are present in the ful- 
vic acid from weathered coal, while such 
groups are absent in coal and in humic acids 
from weathered coal. This may be explained 
by the partial formation of complex ethyl 
esters of fulvic acids upon extraction with cold 
ethanol, even though dissolving salicylic acid 
in ethanol under the same conditions does not 
result in formation of complex esters. 


The hypothesis of partial esterification, 
upon obtaining the acids from the filtrate in this 
way, has been confirmed as follows. Since the 
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Table 3 


Content of functional groups and molecular weight of fulvic acids from various solid fuels 


Content of active groups, meq/g Equiv- Cryceomg 
3 : Carboxyl |Phenoliq alent | molecu- 
Substance investigated | wet- Chemisorption method ae Werazo | acids lar 
oxyl | Total CarboxylPhenoli lation |combin.|_ ity weight 
| | 
} 14) .1¢290 
t lew 2.56 | 8.94 | 4.26 | 4.68 Sint ayaa 20, 
peseeermpla 2 9.93 | 8.58 | 3.28/ 5.30/ 1.79 | 2.83 | 11.67) 284 
Earthy lignite 2.08 — _ a — —_ _ 
tau |. 9.25| 9.36, — | — ;} 2.62 1 — | 42.33) 470; 468 
Ree Speedman 3 ce coed (linen ee fe 13.33] 244 
Acids obtained by de- | 
composing humic acids 
Seana 4.67 | 8.52 |» 2.42 | 6:10! 2,430 o))5-68,s)cfl 16) nade 


acid filtrate from weathered coal gives no frac- 
tions desorbed from activated carbon with ace- 
tone or water, pure acids could be extracted 
from this material without preliminary sorp- 
tion on activated carbon. Therefore, humic 
acids from the alkaline extract of soft coal 
were precipitated with acetic acid. The pre- 
cipitate coagulated rapidly and was easily fil- 
tered. The filtrate, containing an excess of 
acetic acid, was twice passed through a cation 
exchanger, after which the water and acetic acid 
were evaporated under vacuum, and the acid 
was dried to constant weight. In the com- 
pletely dry acids, the content of ethoxyl groups 
amounted to 0.98 meq/g, which was lower than 
shown in Tables 3 and 4 for acids from the 
same samples, 


Acids separated by dialysis from the fil- 
trate of Kol'sk podzol also had a low number 
of these groups, 0.40 meq/g. 


Because fulvic acids and their derivatives 
are soluble in water, alcohol, and pyridine, 
some methods are not successful. These in- 
clude acetylation, the determination of alde- 
hyde groups using the dimedon reaction, and 
the determination of carbonyl using phenyl- 
hydrazine. Aldehyde groups were shown only 
qualitatively by the reduction of mercuric 
salts and Fehling's solution. 


The molecular weights of the fulvic acids 
were determined cryoscopically using phenol, 
in which fulvic acid from weathered coal is 
soluble in water, the molecular weight was 
determined in both phenol and water, with 
good agreement in results. 


We obtained average molecular weights for 
the fulvic acids ranging from 170 to 284. It 
was lower for fulvic acid from weathered coal 


than for that from peat. A still lower mole- 
cular weight was shown by the fulvic acid 
obtained by decomposing humic acids from 
earthy lignite with metallic sodium in liquid 
ammonia. 


Thus, fulvic acids from coal and peat are 
amorphous, light-colored acids of low mole- 
cular weight, having an aromatic structure. 
The low C:H ratio indicates a polymethylene 
nucleus, together with aromatic structure 
or a relatively high content of aliphatic side 
chains. These acids contain, in addition to 
carboxyl groups, phenol hydroxyls, methoxyl, 
and carbonyl groups in various proportions. 


Comparison of the oxygen content obtained 
in the elemental analysis with the sum of 
oxygens combined as acid and methoxyl groups 
indicates a considerable portion of oxygen in 
inert, non-exposed combinations. This may 
be carbonyl and quinone groups, the presence 
of which is shown by qualitative tests, as 
oxygen of the saponifyable groups indicated 
by the difference between determinations in 
alcoholic and aqueous alkali, or as the oxygen 
of heterocylic compounds and bridges. The 
presence of lactone groups is proposed. 


The lack of correspondence between mole- 
cular weight and content of active groups, 
which determines the chemical equivalence 
of these acids, shows that we have a mixture 
of varying composition and that the determined 


molecular weight represents only an average 
value. 


Ether-soluble Acids. This group of acids 
differed basically from fulvic acids in a num- 
ber of characteristics. They were soluble in 
various organic solvents, such as acetone, 
dioxane, and low molecular weight alcohols. 
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WATER-SOLUBLE ACIDS 


Table 4 


Elemental composition of ether-soluble acids separated from various solid fuels 


Elemental composition in % of 


of the organic 
material i de 


Substance investigated GH 
Cc iu Ly wach carks spake, 
Peat, sample 1 50.19 G21 M1 SG al Ae 8.08 
aa ke 2 %3.00 } 96.30 1 4.37 4h 22 7.56 
arthy lignite 51.79 6.33) / 0.79" | 44 { 
Weathered soft coal, sample | oan ites 
at surface 54.06 5.64 | 0.82 | 39.48 9.58 
Same, sample 3 meters from surface 58), 25) 3.88 | ().58 4(0).29 9.00 
Weathered low-grade coal 00.44 | 95,64 eG Ble 8 9.83 
Artificially oxidized residue from coal 48.56 ROL ee = 45 92 3.008 
| 
Artificially oxidized unweathered coal 02.04 Gvdgh LesQT90 40.98 8.56 
Acids obtained by decomposing humic | | 
acids with metallic sodium | 44,20) ew! — 50.19 7.88 
Table 5 


Content of active groups in ether-soluble acids 


| Content of active groups, meq/g 


ri 


Chemisorption method | 


Lowry 


Substance investigated Methoxy! | 


| Carboxyl | molecular 


Total , Carboxyl | Phenolic Beer weight 

Peat, sample 1 4.96 | 7.46 Dl) | Hes | | 0.93 | 153 
Peat, sample 2 5.96 129) ie Me aid U 0.67 158 
Earthy lignite 2.49 6229 as) 2.86 dha 207 
Weathered soft coal, 

sample at 

surface 6.09 UeGS 3.75 4.04 0.76 214 
Same, sample 3 mfrom surf. 6.81 7.46 3.84 3.62 
Weathered low-grade be (835) 105 

coal 6.80 (G2 Bal WS See 0.49 432 
Artificially oxidized residue 

from low-grade coal 5,24 — Bs Hl — = 118 
Artificially oxidized unwea- 

thered soft coal cco) 1/ 9.04 3,48 5.56 = 185 
Acids obtained by decompos- : 

ing humic acids with metal- 

lic socium 44 D ae Bree 4 

447 7.58 4,23 5 still 181 


hey were partially soluble in benzene and 
soluble in water and acids. 


Compared with fulvic acids, the ether-solu- 
e acids contained more carbon and hydrogen 
1d less oxygen and nitrogen (Table 4), Basic 
fferences in the elemental composition were 
xt observed between samples of different or- 
‘in. The contents were 48.0%-55.4% carbon, 
5%-6.3% hydrogen, and 0.58%- 1.8% nitrogen. 
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The C:H ratio for ether-soluble acids was 
lower than that for fulvic acids from the same 
source. The acids obtained from one artifici- 
ally oxidized sample were an exception. 


The ether-soluble acids had fewer oxygen 
containing groups than fulvic acid (Table 5). 
The contents of active acidic groups, deter- 
mined by the chemisorption method, were: 
total, 6.29-9.04 meq/g; carboxyl, 2.75-4.23 
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meq/g; and phenolic hydroxyls, 2.85-5.56 meq/ 
g. Methylation with methyl alcohol again gave 
low values compared with the chemisorption 
method. An appreciable content of methoxyl 
groups, 4.96-6.81 meq/g, even greater than in 
fulvic acid, indicated the formation of complex 
esters in alcohol or complex changes occur- 
ring in the synthesis or destruction of the or- 
ganic material of coal, 


The ether-soluble acids reacted with dia- 
zotized amines, reduced Fehling's solution, 
and gave positive indication of quinones with 
ammonia. The molecular weights of the 
ether-soluble acids were determined cryo- 
scopically in dioxane. They were 105-214, 
lower than those of fulvic acids. The acid from 
lignite had the highest molecular weight. There 
is reason to believe that, in this case, partial 
formation of complex ethyl esters occurred 
upon extraction with absolute ethanol. 


Establishment of the compaction and struc- 
ture showed that two types of acids were 
separated from the acid filtrate after precipi- 
tation of the humic acids from solid fuels, and 
fractionation on activated carbon and cation 
exchanger. These were amorphous acids, re- 
lated to fulvic acids, and tar-like acids, more 
soluble and with lower molecular weight. The 
acids were grouped into two types almost in- 
dependent of origin. Both are aromatic acids, 
containing methoxyl, carboxyl, and phenolic 
hydroxyl groups. The lower molecular weight 
acids have a higher content of carbon and hydro- 
gen and lower content of oxygen. The acids also 
vary in optical density of their alkaline solution. 
Figure 2 shows the optical density of 0.02% al- 
kali solutions of different acids from peat, in- 
cluding humic and hymatomelanic acids sep- 
arated by L.N. Yekaterinina. Humic acids 
have the highest optical density, followed by 
hymatomelanic and then fulvic acids. Similar 
results have already been shown for soil 
acids by Kononova (3). The ether-soluble 
acids show the lowest optical density. The 
same was found for acids separated from 
weathered coal, with still sharper differences 
between different types of acids. The lowering 
of optical density with decreasing molecular 
weight may be explained by a decreasing rela- 
tive content of aromatics, which is accompan- 
ied by a decreased content of chromophoric 
groups (conjugated double bonds between car- 
bons). 


Both groups of acids are mutually inter- 
convertible, since the ratio of acids is de- 
termined by the conditions of their precipi- 
tation from alcoholic solution. These acids 
may be formed, first, through synthetic proc- 
esses from products of the bacterial decom- 
position of decaying plant residues, and 
second, through oxidation and hydrolysis of 
the neutral, high molecular weight material 
of coal humus. 
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Fig. 2. - Optical density of alkaline 
solutions of acids extracted from peat. 


1 - hymatomelanic acid; 2 - fulvic 
acid; 3 - ether-soluble acids; 4 - 
humic acids. 


Conclusions 


1. After precipitating humic acids, the 
filtrate acids from peat, earthy lignite, coal 
oxidized under natural and laboratory condi- 
tions, and those obtained by splitting humic 
acids with sodium metal in liquid ammonia 
were fractionated on activated carbon and 
cation exchanger. The separated acids were 
partially esterified with ethanol. They were 
characterized by composition, properties, 
and molecular weight. 


2, After purification on carbon and cation 
exchanger, the acid filtrates were shown to 
contain two types of aromatic acids — amor- 
phous fulvic acids and tar-like ether-soluble 
acids. The amount of the latter was consider- 
ably greater and depended on the conditions of 
separation. The two groups differed in mole- 
cular weight, optical density of their alkaline 
solutions, elemental composition, and content 
of active groups. The composition of acids 
within each group was very similar and de- 
pended little on the original material. 


3. Soluble forms of humic acids are possi- 
bly formed through synthesis from products of 
the bacterial decomposition of various chemi- 
cal compounds in the makeup of decaying vege- 
tative residues, as well as through destruc- 
tion of the humic acids and more complex neu- 
tral substances of coal humus. Transforma- 
tion of acids from one form to another is 
accompanied by complex changes in composi- 
tion, and is not simply a hydrolysis process. 


4, The conclusions reached, and also the 
methods of separating and investigating the 
water-soluble acids, may be applied to studies 


WATER-SOLUBLE ACIDS 


the formation and composition of soil humus. 
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CLASSIFICATION OF FINEAND MEDIUM RELIEF SPACES 


A.G. DOSKACH, YE. N. IVANOVA and A.A. YEROKHINA, V. V. Dokuchayev Soil Institute, 
Academy of Sciences, USSR and Institute of Geography, Academy of Sciences, USSR 


In the geographical literature we encounter 
the concepts micro- and meso-relief, signifying 
fine and medium relief forms and their com- 
binations, which are distinguished in the com- 
pilation of special maps ( geomorphological, 
soil, geobotanical). In addition, increased use 
is made at the present time of the term nano- 
relief (minute relief), signifying even finer 
forms than micro-relief. Despite the wide use 
of these terms, there are still differences of 
opinion regarding the meaning of the terms and 
the principles for distinguishing and combining 
forms of different dimensions. This is a hin- 
drance to mapping and frequently makes it im- 
possible to compare results obtained by dif- 
ferent investigators in different regions. In 
this paper we attempt, by induction from avail- 
able information, to establish qualitative and 
quantitative characteristics for meso-, micro- 
and nano-relief, without regard for the larger 
forms (macro- and mega-relief) determining 
the structural outlines of large surfaces 
(mountains, tablelands, lowlands, plains, 
plateaus, wide valleys, etc.). 


Fine and medium accumulative and destruc- 
tive relief forms and their combinations are 
classified as morphosculptural forms (1). They 
are formed chiefly by the action of geographical 
factors. From this standpoint there are dif- 
ferences between fine and medium forms. 


Geographical (exogenic) factors are pre- 
dominant in the development of the fine forms, 
and their genesis is closely associated with the 
process of soil formation. Endogenic factors, 
mainly neotectonic, are of considerably sig- 
nificance in the development of the medium 
forms (meso-relief), sometimes equalling the 
geographic factors in importance. 


A feature of the small forms is their youth, 
while meso-relief is usually the result of a 
longer geological development. Hence in ad- 
dition to the forms developing under the influ- 
ence of external physical conditions (relief of 
sands, frost action forms, etc.), there is a 


widespread meso-relief reflecting the influence 
of other external physical conditions from the © 
Quaternary and pre-Quaternary Era (early ice- 
age relief, Turtkul and low hill relief). 


Hence the differences between fine and medi 
forms are not merely external but fairly profov 
depending, as observation shows, primarily on 
the nature and duration of the process of relief 
formation. This process is basically determin 
by the interaction of a number of simultaneous] 
operating factors. As the relief develops, the 
interaction becomes more complicated and in- 
volves new factors. 


The relationships are simplest for the fine 
relief forms (nano-relief), which are governed 
by the action of one or more relatively briefly 
operating factors. Micro-relief is subject tot 
most complicated, multifarious, and prolongec 
development. For exgmple, a sand ripple on 
any kind of flat surface or on the surface of a 
barchan is the result of simple retardation of t 
wind in the air layer near the ground (9) as the 
result of friction. Heaped sand micro-relief 
also requires the presence of a more or less 
substantial obstruction. Thus a new factor is 
involved and the development process becomes 
more complicated. Subsequently, with the 
formation of sandy meso-relief, the process is 
complicated further as a result of modification 
of the water regime and stabilization of the sul 
face by psammitic vegetation. There is a 
change in the effect on the wind in the air laye! 
near the ground, which has been responsible fc 
raising and modifying the sand relief in the fir 
place. Transition from forms of one size to 
forms of another is usually accompanied by a 
reconstruction of the relief and modification of 
its appearance. For example, a sand-heap 
micro-relief has a different morphology from 
the sand ripple and it differs sharply in appea1 
ance from the barchan meso-relief. Erosion 
micro-forms — rills, waterways, and mounds 
— differ sharply in morphology from erosion 
meso-shapes, i.e., gullies, ravines, and 
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idges. The micro-stages of a slip have a dif- 
rent appearance from a slip meso-relief and 
9 on. 


It is rare in nature that a large form (small 
spression, sag — see below) will develop 
om a small form without a substantial change 
}its appearance. An increase in size is 
sually accompanied by a modification of the 
lain morphological features. 


Along with the small forms (representing the 
litial stages of development of some types of 
edium forms) which evolve, modify, recon- 
truct fairly rapidly, other types of nano- and 
licro-relief are widespread. The latter, in 
le process of relief and development, pass 
apidly from the embryonic forms to a certain 
mit, and then remain for a long time without 
ndergoing basic modifications under specific 
ynal and environmental conditions. These 
rms, as well as the soil, exist as it were in 
certain state of dynamic equilibrium with the 
avironment and are indices of its special 
naracteristics. Infact, it is not an equilibri- 
m, but a retarded development together with 
ie environment. Here the structure of the re- 
ef and soil conforms to the nature and speed 
' change of the general (zonal, provincial), and 
cal physiographic features. The suffusion 
iicro-relief of the Caspian Plain is widely 
10wn. Its formation from the nono-relief 
, 6, etc. ) can now be considered as established 
his unusual type of fine relief develops on flat 
wwlands made up of salinized marine clay loam 
Ivered with solonetz. Its salinized layer is 
npermeable and the thickness of the upper per- 
leable layer is negligible. As a result of this, 
mospheric waters accumulate in every depres- 
ion, even the smallest ones, where slight set- 
ing phenomena are possible. The wide occur- 
ance of depressions in solonetz may be ex- 
ained by the different water characteristics of 
dividual genetic layers in these soils and the 
jility of the solonetz to sharply change its 
lume in the wet and dry state. As a result, 
ssures always form on the surface of solonetz 
hich promote more intense local seepage of 
ater, the leaching out of salts and the modifi- 
ition of the soil structure accompanied by the 
rmation of primary depressions. The influ- 
ice of seeping water on the solonetz itself is 
sry limited because of its low permeability. 
his creates different soil conditions under the 
mmpact surface of the solonetz and under the 
ssured area. Once initiated, settling causes 
rther soil fissuring, increases the area sub- 
cted to the action of seeping water and in- 
“eases the area of the depression. The in- 
‘eased surface moisture in the depression cre- 
es more favorable conditions for the growth of 
'etation and the establishment of new forms, 
r the shading of the soil, for the protection of 
e soil from evaporation and the collection of 
iow. All this favors the progressive leaching 
the soil, the further development of the de- 


pression, the formation of a clearly-defined 
depression, and, in general, to the formation of 
a depression nano-relief. This stage of develop- 
ment of the depression is characterized by 
leached and solodized solonetz and solonetzic, 
slightly meadow-like chestnut soils (two mem- 
ber complex). 


Subsequently, as the depression deepens, 
fissuring intensifies around its edges. Small 
burrowing animals (blind worms) enter the fis- 
sures and in loosening the soil make it more 
permeable to water. Such fissured sections of 
solonetz are more adaptable to grassy vegeta- 
tion. Together with the burrowing animals, 
vegetation promotes the destruction of solonetz 
layers and the formation of a clearly-defined 
micro-relief depression with its specific bio- 
geocoenosis and meadow-chestnut soils. 


With the further development of the depres - 
sion (fissures, sags), fringe or tongues of 
leached solonetz together with slightly meadow- 
like chestnut soils form at its periphery. As 
the sags deepen, the depressions increase. In 
the soil of the fringes, meadow phenomena in- 
tensify and the edge of slightly meadow-like 
chestnut soils widens. The two-member com- 
plex changes into a three-member complex. The 
more the complex is developed the greater the 
proportion of slightly meadow-like chestnut 
soils becomes. 


In the initial stages of development, the 
growth of the depressions led to an increase of 
their water catch and an intensification of set- 
tlement processes. The further development of 
the depressions, causing the redistribution of 
surface runoff over a larger number of bigger 
depressions, reduces the moisture in each. 
This begins to limit the growth of the depres- 
sions. Conditions are not favorable for the de- 
velopment of suffusion meso-relief from the 
suffusion micro-relief. As an exception, ad- 
jacent depressions may combine to form beaded 
systems or a general meso-relief depression. 
As a rule, the genesis of the depression meso- 
relief is different. 


There are descriptions of two-member com- 
plexes on the same Caspian Plain (6) which do 
not possess a micro-relief during the develop- 
ment of the nano-relief — (the sag is 3 cm 
deep). They are represented by solonetz with 
goosefoot, black wormwood and solonetzic 
meadow-chestnut soils under white wormwood, 
fescue grass and Agnus castus. The absence of 
a depression micro-relief larger than the nano- 
relief in these complexes is explained by the 
coarse texture, or the stratification of soil- 
forming material. In the first stages of de- 
velopment, grassy patches of gramineous plants 
with a mixture of seablite and black wormwood 
are scattered over the goosefoot cover. In the 
subsequent stage of development two types of 
patches occur, small circular patches under 
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pyrethrum, corn, and sedge, and larger patches 
under pyrethrum, sedge, corn and white worm- 
wood. The soil in the small patches is de- 
salizined solonetz. Soil in the large patches is 
a solonetzic meadow-chestnut. The desolon- 
etzation of solonetz proceeds under the action 
of vegetation. Such complexes are not limited 
in their development. Nano complexes occur in 
the first stages, followed by micro complexes, 
changing into combinations where meadow- 
chestnut soils reach large dimensions. 


The primary phases — elements of nano- 
relief, or ''micro-micro-relief, '' have been 
described by Kachinskiy and Dolgopolova (7, 3) 
in podzolic soils and chernozem. These auth- 
ors established differences in the soils of 
small depressions and ridges, a few centi- 
meters in size. These differences were de- 
tected from variations in the physical, chemi- 
cal and physical-chemical properties of the 
soils. A regular alternation of these forms 
from one relief feature to another was also 
established. However, a further development 
of this 'micro-micro-relief" (nano-relief) into 
micro-relief does not occur under these con- 
ditions. 


The transition of nano-relief to micro- 
relief is not always readily detected, and their 
connection can only be disclosed by sufficiently 
thorough and complete investigations. Thus a 
hilly meso-relief is widely developed on the 
terraces and slopes of watersheds in Central 
Siberia, which consist of a fairly thick layer of 
clay loam. The mounds are roughly 20 m in 
diameter and the depressions up to 10m. The 
relative heights are 1.5-3.0 m. Vegetation is 
varied, consisting of feather-grass steppes 
with various grasses, and grassy, birch or 
pine woods. In conformity with the differences 
in vegetation the soil consists of fertile, 
leached chernozem with a moderate amount of 
humus, on the ridges and meadow-chernozem 
-and bog soils in the depressions. This relief 
is of ancient thermokarst origin, complicated 
by suffusion. On the surface of these mounds, 
in the more frost-susceptible areas, con- 
temporary frost fissures and regular polygonal 
nano-structures occur. Animal and vegetable 
life plays an active part in these. Ants occupy- 
ing the central sections of the nano-polygons 
and building ant-hills, accentuate the differ- 
ences in the elements of the nano-relief. 
Moisture-loving vegetation occupying the fis- 
sures, on the other hand, frequently promotes 
their deepening. In this case, the micro-relief 
is not a contemporary formation, while the 
nano-relief is associated with the micro-relief 
only as a factor of contemporary relief forma- 
tion. 


The genesis of the forms and types of relief 
varies greatly, which, similar to those charac- 
terized previously, exist over a long period 
under certain conditions of the environmental 


lief is closely association with the deposits on | 
which it forms, very much like soil. It is 
known that the foregoing characterized suf- 
fusion depression micro-relief of the Caspian 
region develops only where a flat undrained sum 
face consists of salinized marine clay loam (2). 
The micro-creep slope relief forms where, ot 
conditions being equal, the substratum is claye’ 
Many solifluctional relief forms in the tundra 
and outside of it are not less closely associatec 
with the substratum. | 


| 
medium and develop with it. In some cases re | 
| 


As the foregoing shows we encounter in na- | 
ture, on the one hand, types of small relief | 
which fairly rapidly modify, reform, and pass | 
through a series of development stages without 
visible changes in the environment, to form 
finally definite types of meso-morphosculpture 
(such as erosional, sandy, karst and many othe 
genetic types of relief). Onthe other hand, 
there are other types of small relief so closely 
associated with definite physiographic condi- 
tions, that their further intense development 
requires changes in the prevailing conditions a: 
a result of a change in the climate, base erosic 
coast lines, flood-plain regime of rivers, sur- 
face runoff conditions, drainage of the site, ane 
soon. In addition, an important factor is the 
gradual development of the micro-relief itself, 
which leads to mutual modifications of the soil 
and vegetation, runoff, the redistribution of 
atmospheric precipitation, and the regime of 
soil ground water, and which, in the final 
analysis, in turn modifies the actual conditions 
of its own development. The process of evolu- 
tion of the relief without changes in physiograpl 
conditions is widely distributed in the various 
zones of the country. It can be observed in the 
Caspian semi-desert (see above), as well as in 
taiga regions, and in the tundra zone. For ex- 
ample, in wet depressions between hills in the 
Yamal Peninsula frost heaving phenomena occu 
which are accompanied by the formation of 
mounds. At the base of the mounds there are 
breaks in the soil in the form of black gaping 
fissures, not covered by moss. Further, as 
the result of the thawing of the frozen ground 
along the cracks and settling of the surface, 
fine depressions form (nano-relief). The dark 
coloring of the surface favors further thawing 
and settling of the soil. As a result the fissur: 
depressions near the mounds become longer ar 
merge with each other to form larger, elongate 
micro-relief depressions. Sod forms on their 
surface, consisting of grass, sedge or a loose 
cover of grass-sedge, sometimes with cotton 
grass. The further development of these de- 
pressions leads to the formation of shallow anc 
relatively straight furrows, here called runoff 
channels. These have a relative depth of ap- 
proximately 20 cm, a width of 5-8 m, are dis- 
continuous, and have an overall length of from 
10-15 to some tens and even hundreds of mete 
Sedge-cotton grass bogs form in the runoff cha 
nels in which a relatively thick peat bed (up to 
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0 cm) develop rapidly. The peat insulates the 
rozen ground and stops thermokarst processes, 
.e., the further development of runoff chan- 
els. In this type of landscape there is a clear- 
y-defined genetic relation between the forms of 
he nano- and meso-relief. However, the 
neso-relief forms are small and their develop- 
nent stops at the intermediate stages. Large 
unoff channels occurring in the northern 
‘egions of the Yamal Peninsula develop sim- 
larly, but in larger frost fissures, associated 
vith polygonal processes. 


The foregoing shows that during the develop- 
nent of the small relief, stages can be dis- 
inguished where the modifications reach a cer- 
ain limit. Then either new characteristic con- 
litions for relief formation develop, anda 
nore active and visible reconstruction begins, 
yr the process slows down, until the new 
actors are introduced. This principle is well- 
xpressed not only in the development of small, 
ut also medium, relief, the existence of 
vyhich is of longer duration than that of small 
orms. 


Another general principle emerges. The 
ntensity of the reconstruction of small relief 
luring its evoiution, that is, the speed with 
vhich it passes through the individual stages 
nd changes into meso-morphosculpture (and 
ater the development and reconstruction of the 
neso-relief), depends on the degree of con- 
ormity or noncomformity of the relief to the 
conditions of its formation and primarily to the 
ature and intensity of the principal factor, or 
et of main factors, of relief formation. Thus 
n the development of the relief of our sandy 
leserts, the initial stages (sandy nano- and 
nicro-relief) are usually overcome very 
uickly. The wind regime of these regions, the 
lat surface, the loose substratum, the small 
mount of precipitation and, in the early stages, 
egetation which is incapable of retaining the 
oil, are unfavorable for preserving any type of 
mall forms for a longtime. The small relief 
ere does not conform to concrete conditions of 
and transport. Subsequently, the gradual com- 
lication of the process, as a result of new 
actors entering into play (modification of the 
ater regime, the establishment of vegetation, 
ew outlines and the dimension of sand forms, 
tc.), leads to the formation of sandy meso- 
10rphosculptures, remaining for a long period 
na certain state of conformity with the con- 
itions of their existence. They undergo only 
low and gradual modifications until the time 
hen latter, or external influences, introduce 
ew inconformities and initiate a new recon- 
truction of the relief. 


The same principle is also seen in the more 
omplex process of the evolution of the ero- 
ional relief where the main relief-forming 
ictors under any geographical conditions are 
owing water (surface runoff) in interaction 
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with slopes and recent tectonics. During the 
erosion of the surface and the formation of 
forms of linear erosion, the alternation of the 
stages of development of small relief forms 
(furrows, gullies, washed-out hollows, micro- 
ridges, etc.) and the evolution of meso-forms 
(ravines, ridges, valleys) is fast, if there is 
enough surface water and slopes promote rapid 
runoff. On the other hand, the persistence of 
small erosional forms, negative or positive 
(erosional mounds, microwatersheds), is pro- 
moted if the amount of surface water is small 
and the slopes are gentle. Conditions in such 
areas are not conducive to fast runoff, but to 
the slow spreading of water over a flat surface. 
The water stagnates in depressions and quickly 
evaporates under arid conditions. Similar con- 
ditions are encountered on the flat lowlands of 
the Caspian Plain in clay loam valleys fringing 
the western slopes of the Kopet-Dag in south- 
western Turkmenistan, on the Ustyurt, and in 
many other regions. 


These simple relationships under various 
zonal and local conditions are complicated both 
as the result of variations in the significance of 
the main factors (variation in the volume of run- 
off, movements of earth crust), and as the re- 
sult of new important factors entering into play 
in the process, such as the nature of the sub- 
stratum being eroded, the degree of develop- 
ment of sod and intensity of plant growth, 
slope exposure, plowing, cutting of forest, 
etc. In connection with this, embryonic ero- 
sional forms persist over a long period of 
time in certain regions in spite of sufficient 
precipitation amounts and appropriate surface 
slopes. For example, in a number of regions 
of the Upper Volga and the Obshchiy Syrt, steep, 
southern slopes, consisting of loose carbonate 
rocks, are covered by a system of fine, short 
parallel or radial furrows, forming charac- 
teristic 'micro-folds" on slopes, which are 
governed by the lithology and rapid early run- 
off (when the ground is still frozen). Further 
east, in the Orenburg Steppes, north of the 
Ural River, small erosional forms, predomin- 
antly of the ridge type (micro-ridges and hol- 
lows with sod-covered slopes), are more wide- 
spread on slopes of varying steepness than 
erosional meso-forms (ravines and ridges). 
This is conditioned by the existence at shallow 
depth of dense carbonate sedimentary rocks, 
preventing deep erosion. In places in the same 
regions the inhibiting role is played by vegeta- 
tion, which rapidly spreads in well-watered 
erosional depressions. 


The horizon of secondary carbonates has a 
retarding effect in the development of eolian 
processes on sandy soils. 


When vegetation is destroyed, which retains 
the soil, only the upper soil layer is blown 
away. The underlying carbonate layer favors 
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the initiation of a new cycle of sand retention by 
vegetation. 


Examples of another type are found in the 
eastern regions of the Turgay plateau, located 
in the dry steppe and semi-desert. Here, 
where the amount of precipitation is small and 
the surface is generally flat, the erosional dis- 
section of slopes is strong and linear erosional 
forms develop rapidly. This is related to the 
recent uplift of the region and the continuous, 
although slow, growth of slopes and height dif- 
ferences, which constantly increase runoff and 
erosion. 


Let us now characterize the quantitative and 
qualitative features of small and medium re- 
lief forms (nono-, micro- and meso-relief). 
When characterizing the dimensions of the 
various forms, the certain arbitrariness of 
quantitative characteristics should be kept in 
mind. This is particularly true when dealing 
with forms of similar dimensions, particularly 
nano- and micro-relief forms. 


In generalizing the material relating to the 
quantitative characteristics of relief forms, we 
arrive at the conclusion that it is necessary to 
take into consideration simultaneously two in- 
dices: diameter and difference in heights of 
positive and negative relief forms (that is to 
say the height or depth of the form). 


The nano-relief or dwarf relief represents 
small irregularities of the surface, with a not 
always clearly-defined alternation of raised 
and depressed elements. The nano-relief 
forms in the first place as the result of proces- 
ses of soil formation and association suffusion- 
karst, thermokarst, micro-creep, and frost 
action processes. In the development of the 
nano-relief, in the case of gentle slopes, a 
considerable role is played by processes of 
seasonal linear erosion, processes of mass 
movement along slopes (particularly during 
seasonal thawing of the ground, wind action, 
and the activity of rodents and burrowing ani- 
mals. A characteristic feature of nano-relief 
is that it does not itself govern the micro run- 
off. An important role in its development is 
played by vegetation which governs snow re- 
tention, seepage or evaporation of meltwater in 
the soil and, in connection with this, the initia- 
tion of suffusion, micro-creep, heaving and 
other processes. A characteristic feature of 
nano-relief is usually its instability, and 
mobility of forms. Readily forming, they can 
easily be changed or destroyed. In addition, 
nano-relief more than other categories reacts 
to the local characteristics of relief-forming 
conditions (exposure of slopes, lithology, 
micro-climatic variations, etc. ). 
why, being closely associated with zonal con- 
ditions (types of nano-relief of the southern arid 
regions, tundra, etc.), the nano-relief has at 
the same time a wide diversity of forms even 


This explains 


within the limits of a small physiographic 
region. The greatest role is played here by tl 
nature of the substratum (lithology of surface _ 
deposits, soils). | 


In arid regions, the nano-relief may be ex- 
emplified by small depressions (as the embryc 
ic stage of formation of a depression micro- — 
relief), small hillocks — marmot mound, ant- 
hills, polygonal fissured surfaces in flood 
plains and "gaps" in regions of carbonate 
chernozem and chestnut soils, seasonal ero-_ 
sional furrows, micro-erosional hillocks on 
slopes, sand ripples, sea-coast sand hills and 
"tresses'' and many others. 


In tundra and taiga regions the types of 
nano-relief forms are represented by small 
stone medallions, a heaving-mound relief, 
small creep steps on slopes, marsh hillocks, 
wind-swept depressions, wooded hillocks, etc 


The diameter of nano-relief forms usually 
varies from a few centimeters to 0.5-1.0 m, 
reaching 2-3 m only in rare cases. Relative 
heights vary from 1-3 up to 30 cm, rarely up - 
50 cm. Where the indices take on maximum 
values (D=300 cm, H=50 cm), the forms shot 
be assigned to the micro-relief category. 


Micro-relief is a combination of small posi 
tive and negative relief forms, differing from 
nano-relief by their larger dimensions, lesse} 
changeability, and regular combination and 
alternation at the site. Micro-relief is fre- 
quently a later stage of relief development tha 
the nano-relief (depressed micro- and nano- 
relief). However, since the nano-relief stage 
is rapidly overcome, one actually gets the im: 
pression that micro-relief forms develop with 
out passing through this stage. This is fre- 
quently observed in the development of erosioi 
al and eolian micro-relief. In individual case 
micro-relief actually forms without passing 
through the nano-relief stage. This depends 
primarily on the intensity of the process and 
the concrete conditions of relief formation. FE 
example, such forms as heaving mounds, cre 
micro-relief, alluvial cone micro-relief, and 
a number of flood-plain micro-relief forms m 
have such dimensivi..; in the first stages of 
formation, depending on the intensity and natu 
of the generating process, that they cannot be 
classified as nano-relief. 


The outward appearance of micro-relief, a 
well as of nano-relief, is zonal and depends o 
the local characteristics of physiographic con 
ditions, the substratum on which it develops, 
etc. However, being generally a later stage « 
development, having a more complex system 
relationships with the ambient medium and 
larger dimensions than nano-relief, micro- 
relief is usually more resistant to local varia 
tions in physiographic conditions. It is more 
subject, so to speak, to the tendency of 


1426 


RELIEF SHAPES 


evelopment of its specific genetic type and re- 
sts less to episodic and seasonal influences. 


The origin of micro-relief forms and types 
iries. It may originate as a result of suf- 
sion-karst, suffusion-erosional, frost, creep, 
lian, biological (the activity of burrowing 
limals, molehills, etc.) and other processes, 
sually taking place against the background of 
@ predominant process of soil formation ina 
ven region. In turn being an important 
ctor in the redistribution of atmospheric pre- 
pitation on the earth's surface, particularly 
.arid valley regions, micro-relief, toa 
reater extent than nano-relief, has an influ- 
ice on the hydrological regime of the soil and 
stermines many local characteristics of salt 
igration during the process of soil formation. 


Micro-relief in arid regions is exemplified 
7; suffusion-karst depression, biogenic hill- 
*k (grouped molehills, individual and groups 
‘marmot mounds, etc.), erosional and 
iffusion-erosional (erosion furrows, etc.), 
lian sand-heap (Urpak-Kum), etc. 


Tundra and taiga regions are characterized 
7 peat-mound micro-reliefs, frost mounds, 
one polygons, micro-creep relief on slopes, 
ost fissures, runoff channels, arctic tundra 
ylygons, cryogenic low hills, cemetary 
ounds, etc. 


Micro-relief forms have a diameter of 
veral meters, varying from 1-10 m, and 
ly rarely exceeding this value to reach up to 
)m. The height of micro-relief forms is 
nall, usually varying from 10-15 cm, and 
ry rarely reaching 1.5-2 m. When a micro- 
lief form reaches maximum dimensions, 
th in height and diameter, it should be 
assified as meso-relief. 


Meso-relief includes forms larger than 
icro-relief and their combinations, usually 
nding a specific geomorphological character 
the appearance of the site. Meso-relief de- 
lops without being necessarily influenced by 
e soil formation process, although this fre- 
ently occurs (for example, the formation of 
lonchak and the subsidence of solonchak de- 
essions as salt is blown away). In the 
ajority of cases, the meso-relief itself exerts 
|influence on the soil formation process, on 
e nature of soil distribution and vegetation 
aracteristics. Meso-relief has a great in- 
lence on the hydrological regime of the area 
d the regime and mineral composition of 
ound water. 


Meso-relief forms include ravines, ridges, 
aall, gently sloping hills, shallows, sinks and 
zoons, eskers, kames and moraine hills, 
lleys of small rivers, lake basins, river and 
nudation terraces, various solifluctional 
rms, hydrolaccoliths, large runoff channels 
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along frost fissures, tundra and arctic poly- 
gonal complexes, polygonal bogs and many more. 
Regular combinations of meso-relief forms, 
having a common history of development, create 
meso-relief types. 


The primary role in the development of the 
meso-relief is played by factors on a geological 
scale, both exogenous and endogenous. The 
origin of meso-relief is varied. Its formation is 
affected by a complex of zonal and local physio- 
graphic conditions, geological conditions (struc- 
ture, lithology, movement of the earth's crust), 
and paleogeographic factors (ancient glaciation, 
etc.). The reconstruction of meso-relief occurs 
when conditions of relief formation are greatly 
disturbed during the development of the process 
or during general changes in the environment: 
movement of the earth's crust, climatic changes, 
the artificial disturbance of surface runoff, 
changes in the erosion base, the meandering of 
rivers, etc. Meso-relief types usually reflect 
the zonal (latitudinal zones of valleys and verti- 
cal belts in mountains) characteristics of 
physiographic conditions. The most striking 
examples of this are the eolian sand relief of 
deserts and semi-deserts, the complex of 
frost-action phenomena (hydrolaccoliths, naleds, 
etc.) in the tundra and frozen ground taiga 
zones, the complex of periglacial phenomena at 
the margin of contemporary glaciers in the 
mountains, etc. The formation of meso-relief 
is no less closely related to the structure and 
tectonic regime of an area. Tectonics, when 
interacting with external factors, not only 
complicates the zonal aspect of meso-relief, 
but in a number of cases plays a leading part 
in the process of its formation, which, of course, 
does not exclude the fact that in the appearance 
of the relief there are always zonal (and pro- 
vincial) characteristics. A good example of 
this is the lake-sediment relief of the northern 
section of the Caspian lowland (4), conditioned 
by salt dome tectonics, which consists of a 
series of alternating small salt dome swells — 
mounds and land-locked depressions, filled 
with debris and solonchak and having a specific 
arid appearance. 


The meso-relief differs considerably from 
the micro-relief in dimension. The diameter of 
extent of meso-relief forms varies over wide 
range, from a few meters to 5 km, and in 
erosional and denudation forms (river valleys, 
denudation terraces, etc.) the extent of the 
forms may reach tens of kilometers (10-20 km). 
The depth or height of meso-relief forms vary 
from 0.5-10 m, sometimes reaching 50-60 m 
(conical hills of undulating plains, lumpy hill- 
ocks, ridges). It should be remembered that, 
as in the previous example, meso-relief forms 
are those with dimensions varying within the 
range of average or minimum values (e.g. , 
d-0.5 km, h=0.5 m; d=up to 3-5 km and 
h=up to 10 m, etc.), or where one of the 
indices reaches a maximum value and the 
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other falls within the range of the means (for 
example d=15-20 km, h=upto 10m). If both 
indices have a maximum value (e.g., d=10-20 
km, h=50-60 m), the relief form must be 
classified as macro-relief. An exception are 
cases where the given form, despite its large 
dimensions, occupies a clearly secondary 
position in relation to an analogous but larger 
unit or system (e.g., a single hillock ina 
system of gently rising hills in an undulating 
plain, etc.). 


Conclusions 


1. The classification of sculptural forms 
into two groups — small and medium — is 
based not only on their dimensions but on the 
nature of the process of relief formation, its 
complication in the development process and 
the different duration of the process. 


2. Nano-, micro- and meso-forms of re- 
lief types having one and the same genesis can 
be considered as different stages of the process 
of development of a given type of morpho- 
sculpture. The decay of individual stages, the 
acceleration or retardation of development may 
be due to local characteristics of relief forma- 
tion conditions and the greater or lesser in- 
tensity of the action of the main factor (or 
factors) of relief formation. 


3. Together with the small forms, repre- 
senting the early stages of development of the 
large relief forms, other types of small relief 
are also widespread. These, passing fairly 
quickly through part of their development, per- 
sist for a long time without much change at a 
certain stage under certain physiographic con- 
ditions, and develop with them. They are, to 
a certain degree, leading zonal, environmental, 
etc. forms. 


4, The persistence of certain types of small 
and medium forms without great variations does 
not represent arrested development, but is the 
result of the conformity of the given forms and 
types to the conditions of their existence. In- 
tense relief development and reconstruction are 
usually the result of a disturbance of this con- 
formity. 


5. The concrete classification of relief 
forms according to size involves a certain ar- 
bitrary approach to the quantitative limits in 
passing from one size category to another. 
This arbitrary approach results from the very 
nature of things and is not in conflict with the 
necessity for standardizing the main indices 


for obtaining comparable material for mapping | 


(6). 
Received April 17, 1959 | 
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TEN YEARS OF RESEARCH IN SOIL CHEMISTRY AND 
AGRICULTURAL CHEMISTRY IN CHINA 


Li Chen-Kvey 


Before the Chinese Peopie's Republic was 
founded soil science had not developed in the 
country as it should have. Only the geologi- 
cal research institute had a section on soil 
science which compiled a small-scale soil map 
of the entire country and made some regional 
soil studies. In the field of agriculture the soil 
science and fertilizer section carried out some 
2xperiments involving nitrogen, phosphorus, 
20fassium, and other fertilizers. There were 
10 more than 100 soil scientists throughout the 
country. Only an insignificant amount of work 
was done to determine the chemical and mineral- 
slogical composition of the main groups of soils. 
in agricultural chemistry research was confined 
mostly to elucidating the effect of N, P, and K 
wn some crops in individual soil regions. 


The founding of the Chinese People's Re- 
jublic was followed by the organization of a 
1etwork of soil science and agricultural chem- 
stry institutes. Extensive investigations were 
sarried out on nutrient elements, clay minerals, 
organic matter, micro-elements, and the phy- 
sicochemistry of soils. A start has been made 
mn the application of chemical, biochemical, and 
Mhnysical methods of research. Soil scientists 
ind agricultural chemists have furnished the 
1ecessary Scientific basis for work on the genesis 
ind classification of soils, development of new 
ands, soil improvement, use of fertilizer and 
xpansion of the national fertilizer industry. 


We present below a brief survey of the re- 
sults of research performed in these fields 
luring the past ten years. 


Mineralogical Composition of the Main Soil 
jroup. Syun I (23) was the first to investigate 
he clay minerals of the main soil groups of 
Shina. He showed that the principal clay miner- 
ils are illite in the gray-brown, sierozem, gray 
-innamon-brown, and yellow cinnamon-brown 
soils, kaolinite in red earths, and gibbsite and 
lematite in laterites. Syun I and Syuy Tszi- 
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tsyuan' later found (24) that illite predomin- 
ates in loesses and that some of it turns into 
montmorillonite, forming a transitional min- 
eral; kaolinite appears with it. They assumed 
that loess deposits formed in glaciers or under 
other conditions and were then redeposited by 
eolation and other ways in dry climatic condi- 
tions. The loesses subsequently underwent 
partial decomposition, but this did not modify 
the original composition of the clay minerals. 


A more detailed study of the mineralogical 
composition of Chinese red earths was made by 
Li Chen-kvey and Chzhan Syao-nyan! (12, 32) 
who showed that kaolinite, quartz, and mont- 
morillonite are the predominant clay minerals 
in the soils of the subtropical region of Central 
China (Khunan', Tszyansi, etc. provinces). 
Kaolinite and halloysite predominate in the red 
earths of the tropical region (Guandun, Guansi, 
and Yun'nan' provinces). Lateritic clays inthe 
Chinese tropics developed on basic rocks con- 
sist chiefly of kaolinite, gibbsite, and hematite. 
The mineralogical composition of the wide- 
spread yellow earths of Southern China at eleva- 
tions above 800-900 feet is more complex. Kao- 
linite, montmorillonite, quartz, and illite pre- 
dominate with some vermiculite present. 


Research on the mineralogical composition 
of the red earths has revealed that calcium 
minerals are weathered first followed by sodi- 
um, magnesium, and potassium minerals. This 
explains the comparatively large amount of 
total natural and exchangeable potassium in 
strongly acid red earths. It is also the reason 
for the ineffectiveness of potassium fertilizers 
when added to grain crops. 


During the past ten years Chinese soil scien- 
tists have made available extensive materials 
on the chemistry of the main groups of saline 
soils. ,Len Fu-tyan' and Syuy Shu-khua (17, 
22) thigk that NaCl predominates among the 
salts of the maritime solonchaks in the coastal 
regions of Eastern China. NaCl constitutes on 
the average about 80% of the total soluble salts 
and about 15% of the sulfates. The same authors 
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have described the salt tolerance of the main 
cultivated and native plants. 


According to Chen' En'-fan (42), Chen' 
Bay-yun' (35), and Yan Go-shun (49), sodium 
sulfate and sodium chloride predominate in the 
saline soils of Northwestern China and Inner 
Mongolia. Solonchak soils are very common 
in these regions. Exchangeable sodium in the 
solonchaks constitutes 50%-80% of the exchange 
capacity. 


An investigation of saline soils and ground- 
water of the Great Plain of Northern China 
made by a team of the Academy of Sciences, 
Chinese People's Republic headed by Shun I 
and Si Chen-fan (51) revealed that the solon- 
chak soils of the Northern China flood plain 
are characterized by a sodium sulfate and 
sodium chloride type of salinization. They 
have also worked out methods for irrigating 
these soils. 


Chemical Properties of Rice Soils. Yuy 
Tyan'-zhen' (44) and others have studied in 
the field the oxidation-reduction of rice soils. 
They believe that with a high OR potential the 
basic system should be "oxygen, "' but "organ- 
ic matter'' with a low OR potential; under nor- 
mal conditions "iron" is not a factor that 
stimulates the OR processes, They have fur- 
ther shown that the vegetation may have some 
effect on the OR potential (45). For example, 
the OR potential rises when rice is planted, 
but falls when wheat is planted. 


Several properties of the soil influence the 
oxidation-reduction regime. Van Dun-men 
and others (2, 3) stress the fact that irriga- 
tion substantially increases the amount of 
ammonia nitrogen in the soil, whereas nitrate 
nitrogen disappears within three days. The 
amount of ammonia nitrogen gradually de- 
creases after it escapes into the tube of the 
rice. Ithas been demonstrated (15) that a certain 
amount of ammonia nitrogen also forms in non- 
irrigated rice soils and decreases with depth. 


A change in OR potential in rice soils always 
causes a change in the condition of iron and 
manganese. Tin Chan-bu and Yuy Tyan'-zhen 
proved (25, 44) that manganese is more easily 
reduced than iron. After neutral soils are irri- 
gated, more than 70% of the acid-soluble man- 
ganese is converted into low-valence forms. 

As a result of leaching of soluble low-valence 
forms of iron and manganese, the soil profile 
begins to become differentiated; a gleyed hori- 
zon forms with very low adsorption capacity. 
The content of bivalent manganese varies 

with the acidity of the soil. The relation be- 
tween quantity of exchangeable manganese 

and hydrogen ion concention is another prob- 
lem that has been examined (46), 


The effect of highly pronounced reducing 


conditions in the soil on the sprouting of rice : 
was studied chiefly to determine the toxicity 
of ferrous oxide and the sulfides. Khe Sin-fenj 
(29) thinks that the low yield of rice fields is | 


directly attributable to the presence of rusty 
water and sulfides. An investigation of the 
strongly acid saline soils in the coastal region; 
of Guandun province shows (5) that the prea) 
of a large quantity of sulfides and bivalent iron 
strongly acidifies the subsoil (pH=3) and there: 
by influences sprouting. Yuy Tyan'-zhen and | 
others (47) think that the depressed condition | 
of rice with intensive reducing conditions is | 
caused by an excess of reduced substances, | 
primarily bivalent iron. However, under cer- 
tain circumstances, especially on fields with — 
large amounts of organic fertilizers, the con- | 
tent of bivalent iron may reach 0.3%, but the 
rice remains normal. Thus, the reason why 
intensive reducing conditions affect the sprout- 
ing of rice has not been determined. | 


The intensive migration of bases is quite 
pronounced in rice soils: the pH value and | 
content of exchangeable calcium and magnesiui 
in the upper soil horizons are always less than 
in the lower horizons (48). The relationship 
between acidity and OR potential depends on th: 
soil group and methods of cultivation and fer- 
tilization used, 


Research on Adsorption Capacity of Soils. 
Major attention has been focused on the nature 
of acidity as an important factor in the improv 
ment of strongly acid soils, application of 
phosphorous fertilizers, and liming. There 
are various views on the subject. Lin Yun'- 
syao and Yuy Tyan'-zhen (16) pointed out that 
exchangeable acidity in the acid soils of China 
is caused mainly by aluminum. They proved 
that hydrogen adsorbed in the soil is quickly 
replaced by aluminum. When the pH is over 
5.5, the content of exchangeable aluminum is 
sharply reduced; when the humus content is in. 
creased, the amount of exchangeable hydrogen 
grows. 


Some work has been done on the fixation of 
phosphorus by acid soils. Lu Zhu-kun' and U 
Mey-lin (27) have observed that the red earths 
of Southern China posses considerable capacit: 
for fixing phosphorus. Soluble phosphorus in 
these soils is bound by available iron and alu- 
minum, the degree of fixation increasing as 
the soil temperature rises. Acidity and com- 
position of exchangeable cations strongly in- 
fluence this process. Sun Shi (21) has shown 
that the greatest fixation of phosphorus takes 
place in soils saturated with Ca, the least in 
soils saturated with sodium and potassium. 
Phosphorus bound with Ca is extracted by 0.00 
n of sulfuric acid (21). 


Chen' Tszyan-fan studied the adsorption of 
nitrogen (36). He has classified the adsorp- 
tion of ammonia by soils into "easily desorbec 
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id 'nondesorbed. "" With the former ammon- 
m may combine with available iron and alu- 
inum, forming compounds of the R(OH),ONH, 
pe which are desorbed during steam distilla- 
on; with the latter it becomes exchangeable 
nmonium released only in an alkaline solu- 
on. 


U Tszhi-khua and Gao Tszyan-fan (28) sub- 
cted the chernozems of Northeastern China 
alternate wetting and drying and discovered 
at the amount of potassium changing into a 
lution increases substantially in the process. 
1e chernozems of Northeastern China have 
fairly high natural supply of potassium. It 
Ss been learned that part of the nonexchange- 
le potassium is converted into the exchange- 
le state under crops in loessial-like soils 
st as in the chernozems. 


Organic matter. Research on organic matter 
is started just a few years ago. The main 
fort has been directed at investigating the 
oup composition of humus substances. Ven!' 
1i-syao, Chzyan Gosyan, and others (6) 
udied the composition of humus in character- 
tic profiles of chernozem, chestnut, brown, 
g, red earths, and yellow earths. They 
und that the composition of humus in the 
ernozem and calcareous soils of Northern 
lina corresponds in general to the geographic 
ttern of humus formation worked out by I. V. 
furin. In the strongly acid red earths and 
llow earths of Southern China the content of 
mic acids is low and their molecular struc- 
re is comparatively less complex. The fulvic 
id content of the upper horizons is high (the 
oportion of C humic acids to C fulvic acids 
the upper horizons is usually 0.1-<0.5). 


S. V. Zonn and Li Chen-kvey (9) elucidated 

2 effect of vegetation on soil formation, stress- 
> that the proportion of humic acids to fulvic 
ids is linked not only to the major forma- 

n like forests, savannas, etc., but also to 

2 differences in composition of the plants in 

ch of these formations. 


To study the cycle of matter and energy 
der tropical conditions, the Academy of 
iences, Chinese People's Republic set up 
Jiogeocenotic station, the first of its kind in 
> province of Yun'nan' with the cooperation of 
N. Sukachev and active participation of S. V. 
mn and N. V. Dylis. Among other projects, 
s station has begun systematic observations 
the accumulation, decomposition, and trans- 
‘mation of organic matter in the soil under 
rious types of crops. 


Analysis Methods. In the area of methods 
determining organic matter in the soil, Chen' 
zyan-fan and others have shown (37) that 
ating the soil with K,Cr,O, and sulfuric acid 
y substantially accelerate the decomposition 
organic forms of nitrogen without production 
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of nitrate nitrogen or volatilization of nitrogen. 
Van Tszun'-chen proposed the methods of 
water distillation to determine the CO, escap- 
ing from organic matter. This involves the 
absorption of barium solution (Ba(OH), x 8H,0) 
in the form of H,CO,, which is then deter- 
mined by titration. The method shortens the 
time of CO, determination considerably and 

it can be used to find the percentage of carbon- 
ates (4). Great difficulties in determining the 
nitrates in organic fertilizers by colorimetry 
result from obtaining colored extracts. Chen' 
Shan-din (38) suggested using FeCl, to convert 
NO, into NO. The latter is absorbed by H,SO, 
and H,O, and during oxidation is changed back 
into NO,, which yields satisfactory results in 
making determinations colorimetrically with 
the help of disulfophenolic acid. 


To determine calcium and magnesium ex- 
tracted from plants and soil, Chzhu Shao-lyan' 
(33) recommended the addition of citric acid 
to KCN extracts to form complexes of iron, 
aluminum, and manganese ions. The calcium 
and magnesium may precipitate directly with- 
out removal of the iron, aluminum, and man- 
ganese. Shi Tszi-tsyuan' and others (31) pro- 
posed semimicroquantitative analysis as a 
method for determining the exchange capacity 
of soils. They use normal solutions of MnCl, 
— Mn(Ac), as a displacer of exchange bases 
and determine the excess of manganese by 
colorimetry. 


To determine potassium, Chzu Shao-lyan' 
(34) suggested the use of sodium nitrate in the 
presence of which ammonium is oxidized while 
the escaping free nitrogen volatilizes. 


Soil Fertility. During the ten years that the 
Chinese People's Republic has been in exist- 
ence the agricultural research institutes have 
set up in 17 provinces more than 100 experi- 
mental stations to work on fertilizers. In 
1957 the Institute of Soil Science and Fertilizers 
of the Academy of Agricultural Sciences carried 
out experiments with fertilizers at 150 experi- 
mental points in the main soil provinces of the 
country (31). On the basis of these experi- 
ments and a summary of analytical materials, 
the Institute of Soil Science of the Academy of 
Sciences, Chinese People's Republic has shown 
that a deficiency of nitrogen and phosphorus in 
Chinese soils is a common phenomenon while 
potassium, with the exception of a few districts, 
is generally more abundant. The Ministry of 
Agriculture and Academy of Sciences used 
these materials for compilation of a map and 
table characterizing the general level of soil 
fertility in the various districts and their fer- 
tilizer requirements for increasing the crop 
yield (10, 7). 


Experiments to determine the effectiveness 
of phosphorus and nitrogen fertilizers per- 
formed on red earths over a period of many 
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years have shown that the former are more 
effective. After the soil is gradually placed 
under cultivation, the amounts of phosphorous 
fertilizer and lime must be decreased from 
year to year (13). 


Comparative Investigation of the Effective- 
ness of Nitrogen Fertilizers. Almost all the 
experiments involving the use of nitrogen in 
rice soils show that ammonia compounds are 
invariably more effective than nitrate com- 
pounds. The Agricultural Research Institute 
of Eastern China has gathered much material 
on the problem (51) that seems to indicate 
that soil colloids possess a greater capacity 
to adsorb ammonia nitrogen than nitrate nitro- 
gen. Consequently, there is no leaching of 
nitrogen in rice soils. Some of the investiga- 
tions show that the application to rice soils of 
nitrogen in the form of ammonium sulfate sub- 
stantially increases its effectiveness (2). The 
reason is that under field conditions nitrate 
nitrogen is assimilated by rice much more 
slowly than ammonia nitrogen. This shows 
up very clearly when the rice is sprouting. 


Field and greenhouse experiments have 
long since revealed that the conditions use of 
ammonium sulfate acidifies the noncarbonate 
soils of Southern China. The results of recent 
field experiments in red earth districts have 
also shown that row application of the fertilizer 
to barley at the rate of 30 tszin/mu strongly 
acidifies the soil around the roots of the plants 
(pH about 3 to 4) and results in their death after 
germination. Ammonium chloride is even more 
potent than ammonium sulfate. If the required 
amount of lime is added to the soil during plow- 
ing, both ammonium sulfate and ammonium 
chloride increase the yield of all crops (13, 19). 


Chen' Shan-din and others (39) have pointed 
out that the effect of ammonium chloride on the 
carbonate soils of Northern China is the same 
as that of ammonium sulfate. It was shown 
to have had no adverse effect over a period of 
ten years on the physical or chemical proper- 
ties of the soil. The experiments of Yuy Dao- 
min' (43) with urea and ammonia nitrogen under 
wheat on fields with a great deal of burnt earth 
used as a basic fertilizer have shown them to 
be equally effective. 


Limitations on the use of cyanamide Ca(Ca- 
CN,) were noted long ago. Composting it 
with silt and other fine-grained substances 
under favorable hydrothermal conditions ac- 
celerates the formation of urea and ammonia 
nitrogen and a little 2CN x NH, (51). 


Chen Shan'-din' (40) and Lin Guan-zhuy (11) 
conducted experiments with ammonia water on 
carbonate soils in Northern China. The results 
showed that it is highly effective when added to 
irrigation water (in concenirations of less than 
1:10,000) or when the soil is cultivated, Ex- 
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periments involving the addition of ammonia 
water to corn in the vicinity of Peiping indi- 
cate that it may be almost as effective as 
ammonium sulfate. Spraying ammonia water 
on plants, however, often causes yellowing of 
the leaves. 


Use of Phosphate Rock and Fixation of Phos- 
phorus in the Soil. The past ten years have | 
witnessed the discovery of several large beds 
of phosphate rock. Experiments were per- | 
formed on acid soils to determine the possibilit 
of using it as fertilizer (14, 30,51,41). Asa | 
result the degree of effectiveness of various 
types of phosphate rock on acid and carbonate 
soils is now known. Most of these experiments 
involved the use of uniformly ground phosphate 
rock containing 3.5 to 4 times more phosphoru. 
than superphosphate. It was demonstrated that 
superphosphate in the first and second years is 
more effective than phosphate rock both on acid 
and on carbonate soils (14, 30, 51,41). Ground 
phosphate rock is more effective only when ap- 
plied for a long time on strongly acid red earth 


Li Chen-kvey showed that ground phosphate 
rock is most potent when used on radishes, 
rape, and buckwheat, less so on Crotalaria 
anagyrodes, Sesbania canabina, Lespedeza sp. 
sweet potatoes, and beans, least of all on whea 
rye, oats, and clover. Most investigators be- 
lieve that it is particularly effective when addec 
to a field of green manure. Se Tssyan-chan 
and others have proved that ground phosphate 
rock is less effective when used on radishes, 
soy beans, Phaseolus aurea Roxb, buckwheat, 
wheat, tomatoes, oats, alfalfa, barley, and 


rice. 


Soluble phosphates added to red earths after 
they dry out are almost totally converted into 
an unavailable form (51). The investigators 
believe that ferrous phosphate and aluminum 
phosphate are easily assimilated only when in 
the liquid phase, but after dehydration they 
turn into forms unavailable to plants, and this 
reaction is irreversible. However, we cannot 
emphasize too much the fact that phosphorous 
fertilizers are strongly fixed by acid soils 
since the results of field experiments have 
shown that superphosphate is effective on crops 
even on highly acid red earths. 


Chinese peasants have many effective ways 
of applying phosphorous fertilizers, e.g., for 
rice they use concentrated amounts in seed- 
beds, wetting the roots of the sprouts. Field 
experiments have demonstrated the value of 
their methods (51). 


Adding large quantities of phosphorous fer- 
tilizer to the seed plots of peanuts makes it 
possible to obtain seeds with considerable 
phosphorous content. When planted in red 
earths poor in phosphorus, they may reduce 
the phosphorous requirement and increase the 
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Id (51). 


Experiments with foliar feeding were begun 
Pen Tszyan and others (51) in 1951 in the 
ithern part of Tszyan'su province. The re- 
ts showed that spraying small amounts of 
erphosphate (0.8 tszin/mu) on strongly 

d and phosphorus-poor soils is effective in 
reasing wheat and rice yields. Experiments 
re subsequently performed on many experi- 
ntal fields, but the results were too conflict- 
‘to be conclusive. A perceptible effect was 
served only in connection with cotton. For 
imple, in 1954 there was an average increase 
a of 21% on four experimental plantations 
, 26). 


Potassium Fertilizers. Mass analyses have 

ywn that the total K,O content in the soils of 

rtheastern and Southern China is 1.8%-2.6% 

ile that of exchangeable potassium is 8-15 mg 

> 100 g of soil. South of the Yangtse River 

> acid soils containing about 0.5% K,O0. How- 

Yr, on some soil-forming parent material 

h in mica and potassium feldspars the K,O 

tent also comes to 1.0%-2.0%. China uses 

nost no commercial potassium fertilizers, 

1 serving as such. Experiments run for 

ny years indicate that the use of potassium 

tilizers for wheat and some other crops is 

ffectual. Only certain sandy soils show a 

assium deficiency. In addition, such crops 
sweet potatoes, soy beans, peanuts, tobac- 
etc. require potassium. 


The need of potassium fertilizer to obtain high 
Ids is increasing. In 1958 it was shown that 

) and other potassium and phosphorous fer- 
zers substantially contribute to increased 

ld and resistance to etiolation of rice and 

>at. 


Liming of Acid Soils. The literature on 
‘ing acid soils is quite extensive. In recent 
irs field experiments have yielded accurate 
yrmation on the amounts of lime needed for 
ferent crops on a variety of soils. In 1958 
1 research in Guandun and Guansi provinces 
) revealed that prolonged liming of the top 
cm of soil raises the CaCO, content to 5%- 
) with the formation of compact plates of lime 
he subarable horizons. Proper liming of 

d soils is now essential and improvement 
30ils with compact lime horizons is a major 
blem in Southern China. 


Local Peasant Fertilizers. Commercial 
filizers were introduced into China only 40 

rs ago, and even now they are not widely 
ployed. Fertility has been maintained for 
usands of years chiefly by local peasant 
tilizers. These include residues of cultivated 
[uncultivated plants, green manure, excre- 
nt and urine of animals and man, lake and 

er silt, sod, burnt earth, ash, etc. They 

e been employed separately and in combina- 


tion after aerobic or anaerobic composting. 
During the past ten years the research organi- 
zations of various provinces have done a tremen- 
dous amount of work on composting, prepara- 
tion and preservation, and methods of use. 


Many new summer green manures and cover 
crops like Crotalaria angyrodes, Phaseolus 
aurea Roxb, and others were planted in the red 
earth districts of the southern provinces of the 
country while work was continued on winter 
green manures and methods of using them (8, 1). 
It is desirable to grow Phaseolus mungo, black 
beans, sweet clover, etc. in the northern part 
of the country with one wheat crop a year as 
a summer green manure. Plowing under these 
crops increases the yield 39%-60%. Further- 
more, good results were also obtained by grow- 
ing Sesbama canabina pers, Trigonella fosenum 


graccum, Amorpha, and tamarisks (51). 


In 1958 the principal soil science and fer- 
tilizer organizations carried out large-scale work 
in describing local and peasant fertilizers through- 
out the country, studying their useful features and 
methods of preparation. 


Ten years of leadership by the Chinese Com- 
munist Party and its constant concern for the 
advancement of science as well as the help af- 
forded by Soviet scientists have made radical 
changes in soil science and agricultural chem- 
istry. Nevertheless, there is still much to do 
by way of accelerating the development of social- 
ism in the country. 


The expansion of agriculture has confronted 
soil science with many new problems. They 
require the chemists and soil scientists to con- 
tinue to learn advanced techniques in the Soviet 
Union and to study cultivated soils in more or- 
ganized and systematic fashion by blending 
scientific theory and practice on the basis of 
peasant experience. We are confident that under 
the guidance of the Chinese Communist Party 
and with the help of scientists in the socialist 
countries our agricultural chemists and soil 
scientists will ultimately achieve even greater 
success. 
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OLONETZATION OF CHESTNUT ZONE CARBONATE 


OILS IN KAZAKHSTAN 


P. YEGOROV, Institute of Geological Sciences, Kazakh Academy of Sciences 


Chestnut carbonate soils are widespread 
Kazakhstan on the vast territory from the 
rth of the Caspian Lowland to the Altay foot- 
lis. The vast majority of these soils have 
cal features characterizing their structure | 
d chemical composition. 


Chestnut carbonate soils have been described 


“many investigators since the studies ofthe 
igration Board (12, 15, 16, 17, 24, 25, 39, 49, 51, 
, 06,57). Much material has been accumu- 
ted recently in connection with detailed soil 
udies by the Ministry of Agriculture of the 
izakh SSR and the research establishments 
the Republic in districts where virgin or 
andoned lands have been brought into cultiva- 
yn. The present article is ar attempt to ex- 
ain the causes of local features in chestnut 
rbonate soils in Kazakhstan based on some 
these materials. 


The chestnut soil zone in Kazakhstan has a 
arkedly continental climate with a prolonged 
vere winter, a hot dry summer (Table 1) 


d a mean annual precipitation of 250-300 mm. 


le vegetative cover in this extensive region is 
mparatively uniform and consists of grass 
sppe in which Stipa capillata and Festuca 
leata predominate. 


Chestnut soils form on the most varied re- 
f (the pre-Caspian Lowland, the Mugodzhar 
Juntains, the Tengiz depression, the central 
wakhstan low hill district (melkosopochnik) 

d the Irtysh plain). The soil-forming rocks 
e geological formations of the most varied 
igin, age and petrological composition — 

ym the marine sediments of the Caspian plain 
the sandy alluvium of the Irtysh. 


The main local features of these soils in- 
ide thinness, tongue formation and a more 
rrow carbon-nitrogen ratio than in similar 
ils in the western province.. Conditions 

e also created in this arid climate for the 
cumulation of calcium carbonate on the min- 
alization of dead vegetation. The widespread 
stribution of carbonates of secondary origin 
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and carbonate chestnut soils are therefore 
typical features of the Kazakhstan soil province. 


Carbonate soils in the chestnut zone are 
associated with soil-forming rocks of fine 
texture, which are not common in the central 
Kazakhstan arid steppe and the Nura-Tengiz 
depression. Our description of carbonate 
chestnut soils is based on these districts. 


The soil-forming rocks are mainly loess- 
like gypsiferous clays of Quaternary age 
containing some salts, mainly chlorides and 
sulfates (Table 2). The calcium carbonate con- 
tent of loess-like clays is comparatively low 
(1.5%-5%). Tertiary deposits (the reddish- 
brown clays of the Pavlodar Shield and the 
greenish Neogenic clays of the Aral' Shield, 
etc. ) are of secondary importance in soil 
formation and also have a low carbonate con- 
tent. The salinity and gypsum content may be 
considerable. 


Carbonate chestnut soils are normally zonal 
and ground-water plays no part in soil forma- 
tion. The thickness of the profile is reduced. 
The entire soil profile is 80-120 cm and the 
upper (A) horizon, which usually fluctuates be- 
tween 15 and 18 cm, rarely reaches 20-25 cm. 
The profile is greatly compressed and of a uni- 
form greyish-brown-cinnamon color, the transi- 
tions between the horizons being indistinct and 
often irregular. The soil stratum is broken 
up by large vertical fissures that are often 
several centimeters wide at the surface. 

Quite large hummocks are formed when the 
edges of these fissures crumble as the soil 
shrinks. This hummocky structure, that is 
typical of carbonate soils, is widely distributed. 


Deposits of calcium carbonate, which is 
present to a lesser extent from the surface down, 
are to be found (often as concretions) in a hori- 
zon at a depth of 40-100 cm. The main fea- 
ture of most of the carbonate soils of Kazakhstan, 
however, is a clearly defined solonetz horizon 
with a marked prismatic structure, that is often 
nutty to blocky. This horizon has a brownish 
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Table 1 


The main climatic indices of chestnut zone soils in Kazakhstan 


j Mean | Mean 


Arid steppe zone. 


ual |g 
Observation 22nual jannual jomperg-| © CP 
station |Precipi-airtem; 4,7. tinent-| Evapora- | Evapor-. 
‘tation, perature reese ality |tion, mm] ability 
mm | < | | a 
|Karkaralinss 097 |2.4 | 31.9 | — aaa — 
Akmolinsk 960 1.4 34-8 70 | 240—550/600—1100 
Aktyubinsk | 975 | 3.6 38.2 58 0 Wee 
Table 2 


The main climatic indices of chestnut zone soils in Kazakhstan 


Parent material and boring site 
fellow brown loess-like clay. Yessil' dis- 
trict, Akmolinsk region. 


iary 


Vostochno-Kazakhstanskaya Oblast’ 


tinge and the surfaces of the structural units 
¥ not the carbonate content but 

‘zation of these soils that deter- 

ines their physical properties in relation to 


The relationship between carbonate soils 
and parent material of fine texture should be 
i, since they are not normally formed on 
coarse texture. There is a striking migra- 
tion (Table 3) of the colloid fraction to the 
central and lower parts of the profile, which 
al of solonetzic soils (except for areas 
rlzin by coarse texture material). The 
nitrogen ratio is already noticeably 
= from similar soils in the western 

Table 3) but the remaining chemi- 
are typical of chestnut soils. In 


yu] 
' 


Bb 


Ny) i. 


ion there is an increased quantity of 
ded magnesium in some profiles that 


po 


| 


has been repeatedly men- 
literature (3,7,22). In describ- 


clay. Tavriz district, 


adsorbed sodium (Table 4), often 
that are typical of solonetzic soils. 
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Chemical composition | _ 
Particle diameters 


Calcium |Total water-] 
carbonate| soluble | 
<0.01 mm (CO,) salts 
| | 
60.12 22.4 gis ee Coal oo ke) 
48.5 35.4 4.5 0.660 | 
67. 7 aj bee sine? > 0.1457 9 
2 | 
102 G2 PM Ay OSs er roe 
| 
solonetz. Similar morphological character- | 


istics are also encountered widely in carbon- 
ate chestnut soils in Kazakhstan with an in-- 
creased magnesium content. An examination 
of the extensive factual material leads, how- 
ever, to the conclusion that, inthe modern | 
stage of their development, solonetzation has 
declined in carbonate soils. This is shown by 
the generally comparatively low level of ad- 
sorbed calcium and magnesium, by the thor- 
oughness with which simple salts have been 
washed out and by the rapid degradation of ths 
solonetzic horizon on cultivation. The en- 
hanced level of water-soluble salts often ob- 
served in the lower part of the profile is due 
to the salinity of the soil-forming parent ma- 
terials. The enhanced total alkalinity (Table 
3) in a considerable number of samples is 
also a feature of solonetz soils. 


The calcium carbonate content and its dis- 
tribution throughout the profile of carbonate 
chestnut soils (Figure 1) is of particular inte 
est. The upper horizons contain comparative 
little calcium carbonate (up to 3%). The max 
mum concentration (up to 10%) is reached at 
depth of 20-100 cm, after which it declines 
rapidly with increase in depth (8%-5%. The 
accumulation of calcium carbonate in the mic 
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Table 


ONATE SOILS 


3 


Physicochemical composition of chestnut carbonate-solonetz soils 


| | : = 
Total |Tdal vail+ 7. na 
ro- esa umus)nitr, bas Particle Water extract, % 
ile Profile si epth, os-| diameter,% 
a rofile site mee C:Nbhorus 0 . Total 2 
In % mg | esidu alkalinia= Cl soz 
per |<0.01] <0.001 ity jag 
eet Bere tog Prim iim pag | 
281, |Ulansk dist. 0—10 | 3.8 ly 2 
| Vostoctno’ |-9535 | 5 ¢ aaa ee: 0.048 |0.043 Nonfo.o0 ly .007 
eee ree pala eee alkgocel he tile lee : 4 }3 -5 10.044 0.043 | " [0.001 [0.005 
skaya 90—1( rae 4) — |18.5 |13.2 Not det'd. 
0100 ee ee, ese G 4 
Oblast 120 A130 | eee ee | | ee 31.0 19.4 ¥ 
12, =, re . = ” 
140—150) — | -— || — | Not det'd./9 458 10.039 one() 64 |0.244 
203, | Tavriz dist. 0O—10°| 4.94 See aes ; 
rislsvostochno- | 4494 aang 0.30 9.95/30. 2/63 .6 30.2 |0.069 [0.038 | ™ thea 0.002 
Rieatnnians oe a4 910, 24 9.4)17.7\71.0 |37.4 Not det'd. = 
pee ; —39 | 2.95]0.19/9.3)17.3]73.3 [40.3 |0.075 10.046 0.005 
aoe 405-30 2M610 43194) 2174-7, 145.0 Nocti keen) 
cade — | — |—| — |88.9 |62.0 [0.813 10.020 | - |0.064 |0.450 
00—16 — |——| — 187.6 164.4 |0.508 |0.031 | , 10.159 |0.104 
ag Eee 48 cane 0.2519 .0)18.0/60.0 |37.9 |0.100 10.028 None0.005 |0.008 
' Oblast" Bok Perlaen on — |0.208 10.033 | , |0.005 |0.007 
85—49 | 1.3110. 16)5.4)18.0/44.1 |28.8 Not det'd 
55—65 | 0.521 — |__| — [54.5 |34.5 Taal 
140—150| — | — |—| — 1|48.5 135.4 " 
7 Yessil’ dist. | 0—10 | 4.46|0.31)8. 2/61.0/48.5 |16.6 [0.133 0.054 |Nong0.007 10.031 
me in- 25—39 | 3.1010. 25/7.3/43.0/49.8 |16.6 [0.168 10.064 | " 10.007 |0.065 
pe 55—65 | 2.311 — | —]| — [53.4 |19.2 10.199 [0.082 | ™ 10.023 |0.065 
fey 4.41; — |—]| — |61.5 (23.9 10.321 |0.071 | ™ 10.084 [0.119 
95—105) 0.98, — || — |41.92/46.9 |1.994 |0.023 | » 10.094 |4.506 
140 =T50 POG ft —— 41 AS 7 M4 O0TSI0.076 1? 0 0ben Oty 
2d, il’ di 
a P Yessil’ dist. | 010 | 4.53]0.43/6.0/22.9/70.3 |30.43]0.105 (0.058 | » 10.004 {0.008 
oe in- 13—23 4.15|0.39]6.2121.4/68.3 138.70:0.127 0.064 |  |0.004 |0.008 
Buea Boer Oal led | coal | (74, 2, 14d. 3810 136 0.073 | |0.004 \0.008 
as 15—83 IS lat SE IA Se caiA KU Ole yp ee (DOS Gl). OFS 
[105—1151 0.601 — | —| — |77.07/41.45]1. 707 [0.035 |" [0.127 [0.679 


ote: Profile Nos. 281, 203, 160 are the author's materials. 


The analysis was made at various 


laboratories in Alma Ata on the instructions of the Alma Ata land organization expedition 


of the Ministry of State Farms of Kazakh SSR 


amaterials of the soil science faculty of Kazakh State University. Profile No, 117 was analyzed 
7A, Kurmangaliyev; cross-section 241 by V. A. Yevsyukova. 


nd upper profile cannot be explained by up- 
ard migration from the parent material, in 
iew of its slight mobility and small content. 
‘is clear that this calcium carbonate is main- 
7 of secondary, biogenetic origin. Similar 
rigination in desert zone soils has been proved 
1 a number of papers (35, 36,58, etc.). In the 
rid steppe of the chestnut zone, where the 

oil is "Semi-leached" (according to Lobova, 
6), biogenetic calcium carbonates accumu- 

ite at some depth, whereas in desert soils 

ley accumulate from the surface down. Hence 
‘is quite clear that the carbonate soils are as- 
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sociated with clay parent materials which 
favor the accumulation of secondary carbon- 
ates in the upper horizons owing to their low 
permeability. The less moist soils of the 
southern slopes also effervesce more in hy- 
drochloric acid. 


The secondary nature of the carbonates ex- 
plains the combination of solonetzation and car- 
bonates in these soils. Soils that became sol- 
onetz in the past have been subjected, in addi- 
tion to stabilization, to the formation of 
secondary carbonates owing to the arid climate 
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Table 4 


Composition of adsorbed bases of carbonate-solonetz chestnut soils 


Adsorption 


capacity, rn eae P 
absorption 
Pico et Meq per 100 g of soil | “** * ene P 
Profile No. 281 
O0—10 Ds) 0 DB aceon ONG IES3c6 4.8 | th 18 
20—30 23.4 | 24.9 | 4-9? None | 94.0 6.0 0.0 
d0—65 Ae | Not det'd. 
Profile No. 203 
0—10 oe G2) il I Oey |) oS if ANG.2 in 
14—24 aul Al 22AG Sea ORS mA 6 | 26.5 0.9 
Zo—o0 28.0 18:4 9. None :| 6027 || (94.3 0.0 
Profile No. 117 
0—10 sya 49.5 6.6 0.6 | PS) NEST Ji 
25—35 | S206 26.0 4.4 Dees \ USle@. |) Baiete! 6.74 
Profile No. 241 
C=) Soe wie i) She 3.9 78.8 es | BEL) 
43—23 29.6 23.9 De Soar || tet Sat | Hal 
35—45 ODA 24.9 Ds om rian) TA) alas! 


160 
cM 


Riitgae dls 


- Content and distribution of carbon- 
ate C09 in chestnut carbonate-solonetz SOdulSe 


1 - Profile No. 281; 
3 - Profile No, My7e 
5 - Profile No. 24]. 


2 - Profile No, 203; 
4 - Profile No. 160; 


and the clay parent materials. Solonetzic fea- 
tures are clearly retained everywhere, 


The origin of provincial features in the chest- 


nut soils of Kazakhstan becomes partly clear if 


we examine the historical development of Kazakh- 
stan in the Quaternary era as outlined in Table 5, 


compiled from the data of many workers (2, < 
5, 6, 9, 10, 17, 32, 33, 37, 38, 41, 42, 43, 44, 45,5 
59) and from my own recent data. 


Savannas similar to those found today 
covered central and northern Kazakhstan in 
the Pliocene. It is evident that red earths w 
widely distributed at this time. These red e: 
provided the reddish tinge to be found in plac 
in the clays of the Pavlodar Shield, in the de 
posits of which one finds the spores and poll: 
of savanna vegetation (19, 46, 47) and the Hip 
parion mammalian fauna (1). The low carbo 
ate and high sesquioxide content in Quaterna} 
sediments (clay loams) is due to the existen 
in the Pliocene of red earths that were subse 
quently eroded and redeposited. These sedi. 
ments were evidently made saline during the 
erosion of marine and estuary Tertiary strat 
Considerable upraising of blocks probably to 
place at the dawn of the Quaternary Era in tt 
vicinity of the central Kazakhstan block. Th 
movements caused intensive erosion of earli 
sediments. In early Quaternary times (Eopl 
tocene) the eroded areas along the edge of tl 
low hill country and its low-lying parts bega: 
to be overlain with deluvial-proluvial clay 
loams and clays. There is reason to think 
that there were semi-desert soils of chestnu 
type at this time. Fossilized remains of thi 
type are found in the lower part of the depos 
and the pollens of the period contain xerophy 
species (40). With the onset of the Ice age, 
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CHESTNUT CARBONATE SOILS 


Table 5 


Outline of the historical development of chestnut zone soils in Kazakhstan 


Conditions of soil formation 


a ‘hh a 


Geological 
period 


Climate Parent materials 


Relief 


Vegetative cover 
(according to 


Soils 
Zaklinskaya, 19) 


Holocene 


Markedly 


Partial ero- 


contin- sion of water similar to the soils and subse- 
ental, sheds, de- contemporary quent carbonation 
arid flation flora of the residual 


Laila oe Tee 
Temperate flora,|Stabilization of 


solonetz soils 


General afforesta- 
tion of clays 


Lowered _ 
erosion level 


ent 

Soils become 
generally solon- 
etzic 


vial-deluvial 
clays 


Pleisto- Deposition of allu- | Further cut- |Coniferous for- |Formation of bog 
cene vial clays, depo- ting of the ests in river and saline (solon- 
sition of prolu- river net- valleys, open chak) soils from 


work, level- 
ing of water- 
sheds 


associations, flooding in Ice 
grasses, shrubs| ages 


Eopleisto- Deposition of delu- 


Formation of 


Temperate Steppe soils of 


ments and ancient 
undisturbed rocks, 
strongly-eroded 
owing to tectonic 
upheavals in the 
low hill region 


mildly 
humic 


affected the Asiatic territory of the USSR most 
in the Pleistocene (6, 26, 27, etc. ), the climate 
became much colder. It has been proved that 
the territory was not covered by the ice sheet 
but was heavily flooded by Siberian rivers 
swollen by the Ural-Taymir ice sheet. Clay 
loams and clays were laid down by the mean- 
dering water courses on the southern edge of 
the West Siberian Lowland andthe Turgay plains, 
where the waters of the Ob and Irtysh found 
temporary outlet in the Aral-Caspian Basin (5, 
13, 6, 28,37). Bog and saline (solonchak) soils, 
the formation of which is due to excess water, 
especially ground water, and to the high salin- 
ity of the eroded Tertiary deposits, predomin- 
ated. Aftcr the Ice ages there was an xerother- 
mal stage (2,12,13), as a result of which the 
Jeposits became carbonated and the soils heav- 
ly saline. As the moisture of the climate in- 
sreased and the erosion level decreased, there 
was a stage in which solonetzation was wide- 
spread and the sodium type of salinization pre- 
jominated. Since that time and down to the 
resent there has been continual stabilization 
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cene dry vial-proluvial al- contemporary flora, semi- chestnut group 
luria commences river net- desert vege- 
work com- tation 
mences ie 
Pliocene | Warm, Tertiary sedi- Dissected Temperate flora,|Red earths, red- 


savanna vege- dish-brown soils 


tation 


| “| 


of the solonetz soils from the water-sheds to 
the depressions and secondary carbonation of 
biogenetic origin has occurred. 


This is a general evolutionary outline of the 
soils of the chestnut zone in the light of geologi- 
cal and paleogeographical data. The author 
has examined a special case of this evolution 
(17). 


It seems natural that, because of their 
morphogenetic and physicochemical features 
and the nature of their origin in Kazakhstan, 
chestnut carbonate soils should be assigned to 
a special class in the genetic classification. 
Several such attempts have been made (see 
the work of the soil science faculty at the Kazakh 
State University (15) and of the Institute of Soil 
Science of the Kazakh Academy of Sciences (54). 
Solonetz carbonate chernozems have been dis- 
tinguished in the trans-Ural region by Karatayev 
(29). Solonetz carbonate soils are often dis- 
tinguished (and sometimes further subdivided) 
on the large scale soil maps produced by econ- 
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omic organizations. For some inexplicable 
reason however many soil scientists still ignore 
the very apparent solonetz features in the car- 
bonate soils of Kazakhstan (16, 18, 49,57). Car- 
bonate solonetz soils that actually exist are not 
usually distinguished on large scale soil maps 
produced by research organizations. 


In my opinion those carbonate soils of the 
chestnut zone in Kazakhstan that have clearly 
defined solonetzic features should be assigned 
to a special class of carbonate-solonetz soils. 
This title would stress the primary nature of 
the solonetz and the secondary nature of the 
carbonation in the formation of these soils, 
which may be further subdivided into weakly 
carbonate-solonetz soils, and highly carbonate- 
solonetz soils. 


Economic Significance of Carbonate — Solonetz 
Soils 


Carbonate-solonetz soils make up the ma- 
jority of the plowland in a number of districts 
in which virgin and abandoned lands are being 
brought into cultivation (Akmolinsk, Karaganda 
and south of the Kustanay Oblasts). Deeper 
study of their origin and physicochemical and 
other properties therefore has direct bearing 
on increasing grain production in the Republic. 
This study, plus the experience gained in 
cultivating the soils, is essential to the evolu- 
tion of rational measures for improving their 
fertility. 


This article has not been concerned with 
detailed examination of the agricultural as- 
pects, but the general requirements follow 
from what has been said previously. The ap- 
proach to cultivating these soils should be such 
as to accelerate desolonetzation and to im- 
prove the unfavorable physical properties in re- 
lation to water caused by solonetzation. The 
soil must therefore be deeply cultivated to 
disrupt the solonetzic horizons and must be 
strongly wetted. Under these conditions the 
enhanced natural calcium carbonate content 
may help to displace the adsorbed sodium (31). 
Correct farming methods can thus improve the 
fertility of carbonate-solonetz chestnut soils 
and considerably increase their yield. 


Conclusions 


1, Carbonate-solonetz chestnut soils are a 
large part of the soils in the chestnut zone of 
Kazakhstan. They possess special features, 
owing to the presence of a solonetzic horizon. 


2. The solonetzation of these soils is a re- 
lict and arose from their development from bog 
and saline (solonchak) to solonetz and stabiliz- 
ing soils in present day conditions. Carbonates 
in them are of secondary origin. 


3. In view of the physicochemical features 
that have arisen in the development of these 
soils it is suggested that they should be called 
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carbonate-solonetz soils and be subdivided int: 
weakly carbonate-solonetz, carbonate-solonet: 
and strongly carbonate-solonetz chestnut soil 


Received September 25, 1958 


| 

: 

| 
BIBLIOGRAPHY | 
1. BAZHANOV, V.S. 1951. The age of the 
miocene mammalian fauna of Kazakhstar 
Akad. Nauk KazSSR, Izvestiya, No. 105 | 
Ser. Zool. No. 10. | 


2. BERG, L.S. 1932. An attempt to divide © 
Siberia and Turkestan into landscape anc 
morphological regions. In the collectior 
In honor of D. N. Anuchin, 


3. BOGATYREV, K.P. 1958. The smolnitsa 
of Albania. Pochvovedeniye, No. 4. 


4, BYKOV, G. YE. 1933. Quaternary deposit 
of the Atbasar and Yessil' districts of 
the Kazakh ASSR Chief Geophysical Ob- 
servatory (GGO), Izvestiya, No. 65, 
fasceu3s 


5. BYKOV, G. YE. 1942. A geological descr 
tion of the Petropavlovsk district. Lenin 
grad, 


6. VYSOTSKIY, N. 1896. An outline of Ter- 
tiary and post-Tertiary formations in 
Western Siberia. In: Geological studies 
and prospecting work along the Siberian 
railroad. No. 5, St. Petersburg. 


7. GEDROYTS, K.K. 1916. The adsorption 
capacity of soils. Opytn. agronomii, 
Vol. 15, 


8. GERASIMOV, I. P. 1931. Classification a 
terminology for the soils of Kazakhstan ; 
the Central Asian plains. Pochvovedeniy 
No. 3. 


9. GERASIMOV, I. P. and N.N. ROZOV. 194 
Basic problems of the soil geography of 
Western Siberia. In the collection: 


Problems of contemporary soil science. 
INOmee 


10. GERASIMOV, I. P. and K.K. MARKOV. 1 
The Ice-age on the territory of the USSR 


Trudy In-ta geogr., No. 33, Moscow- 
Leningrad. 


11 


GERASIMOV, I. P. and K.K. MARKOV. 1 
Quaternary geology. Uchpedgiz, 1939. 


12, GORSHENIN, K.P. 1927. Soils of the che 
nozem belt of Western Siberia. Omsk. 


13. GORSHENIN, K.P. 1955. Soils of Southe: 


_ 
. 


de 


cet 
° 


red 
e 


—, 
e 


mae 


le 


CHESTNUT CARBONATE SOILS 


Siberia. Izd. Akad. Nauk SSSR, Moscow- 
Leningrad. 


DURASOV, A.M. 1954. The carbon-nitro- 
gen ratio in the chernozems of various 
provinces. Pochvovedeniye, No. 8. 


DURASOV, A.M. 1957. 
Kazakhstan. Alma-Ata. 


Soils of Northern 


DZHANPEYSOV, R. 1957. Soils of the 
State grain farms of the Nurinsk district 
of the Karaganda Oblast'. Akad. Nauk 
KazSSR, Trudy In-ta pochv. Vol. 7. 


YEGOROV, V.P. 1958. Soil complexes of 
_the left-bank Irtysh in the dark chestnut 
soil subzone. Pochvovedeniye, No. 3. 


YEVSTIFEYEV, YU.G. 1957. Soils of the 
State grain farms of the Karasuk district 
of the Kustanai region. Akad. Nauk 
KazSSR, Trudy In-ta pochvov., Vol. 7. 


ZAKLINSKAYA, YE. D. 1957. The strati- 
graphic significance of gymnosperm 
pollens in the Cenozoic deposits of the 
Pavlodar district of the pre-Irtysh and 
the Northern pre-Urals. Trudy Geol. 
in-ta, No. 6. 


. ZAYTSEVA, A.A. 1954. The significance 


of deep plowing in opening up the virgin 
lands in the arid regions of the Kazakh 
SSR. Agrobiologiya, No. 4. 


IVANOVA, YE.N. 1930. Materials relat- 
ing to the processes by which the forest- 
steppe soils of Western Siberia become 
solodized. Trudy In-ta pochvov., No. 
3-4, Leningrad. 


IVANOVA, YE.N. and V.A. DVINSKIKH. 
1944. Secondarily podzolized soils of 
the Urals. Pochvovedeniye, No. 7-8. 


IVANOVA, YE.N. 1956. An attempt ata 
general soil classification. Pochvoveden- 
iye, No. 6. 


ISKYUL', V.I. 1914. The Omsk-Kokchetav 
district of the Akmolinsk region. In: 
Preliminary report of the Migration 
Board. St. Petersburg. 


ISKYUL', V.I. 1916. The northeastern 
part of the Akmolinsk region. In: Pre- 
liminary report of the Migration Board. 
St. Petersburg. 


KASSIN, N.G. 1936. A description of the 


Quaternary deposits of Kazakhstan, Probl. 


sov. geol., No. 1. 


KASSIN, N.G. 1937. New data on the 
structure of the West Siberian Lowland 


1443 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


38. 


39. 


40. 


41, 


and the Turgai and Irtysh depressions. 
Probl. sov. geol., No.7. 


KASSIN, N.G. 1947. Materials on the 
paleogeography of Kazakhstan. Alma-Ata. 


KARATAYEV, N. YA. 1957. Recognition 
of Trans-Ural forest-steppe soils. Trudy 
Permskogo s. -kh. in-ta No. 15. 


KOZYREV, A.A. 1911. Hydrogeological 
description of the southern part of the 
Akmolinsk region. St. Petersburg. 


KOVDA, V.A. 1934. Formation of second- 
ary calcium carbonates in soils. Akad. 
Nauk SSSR, Trudy Pochy., in-ta im 
V. V. Dokuchayeva, Vol. 9. 


KORZHINSKTY, D.S. 1929. The origin 
of the low hill territory and lakes of the 
Kirghiz steppe. Priroda, No. 7-8. 


KRASNOPOL'SKIY, A. 1898. Geological 
studies along the West Siberian railroad. 
St. Petersburg. 


LOBOVA, YE. V. 1946. A 1:2,500,000 
soil map of Kazakhstan. Moscow. 


LOBOVA, YE. V. 1956. The soils of the 
desert zone of the USSR. In: Proceed- 
ings (Doklady) of the International Con- 
gress of Soil Science. Moscow. 


LOBOVA, YE. V. 1957. Delineation of the 
desert zone and its division into soil 
provinces. ''Aspects of the origin and 
geography of soils."' In the collection: 
In Memory of Prasolov. Moscow. 


. LAVROV, V.V. 1948. The Quaternary 


history and morphology of the north 
Turgay plain. Alma-Ata. 


LINDBERG, G. U. 1955. The Quaternary 
period in the light of biogeographic data. 
Izdatel'stvo Akad. Nauk USSR, Moscow- 
Leningrad, 

MALADIN, G.A. 1936. The soils of the 

Urals. Perm’. 


MATVEYEVA, O.V. 1953. History of the 
development of the Quaternary period in 
the Pavlodar region of the pre-Irtysh. 
Akad. Nauk SSSR, Trudy IGN, No. 141. 


MIRCHINK, G. F. 1940. Principles of 
Quaternary history on the territory of 
the USSR Akad. Nauk SSSR, Trudy In-ta 
geogr. Vol, 36. 


NEUSTRUYEV, S.S. 1922. The soil geog- 
raphy of the pre-Urals and Western 


43. 


44, 


45. 


46. 


47 


48. 


49. 


50. 


51. 


Vv. P. YEGOROV 


Siberia. Priroda, No. 10-12. 


NEUSTRUYEV, S.S. 1925. Geographic 
cycles in Western Siberia in post-Tertiary 
times. Pochvovedeniye, No. 4. 


NIKIFOROVA, K.V. 1953. The geomor- 
phology and geological structure of the 
pre-Irtysh depression, Akad. Nauk 
SSSR. Trudy IGN, Ser. Geol, No. 141. 


OBRUCHEV, V.A. 1930. Origin of the 
low hill territory and lakes of the 
Kirghiz steppe. Priroda, No. 1. 


ORLOV, YU.A. 1930. Some data on the 
Tertiary and post-Tertiary deposits 
of the northern border of Kirghizia. 
Ivestiya GGRU Vol. 19, No. 10. 


ORLOV, YU. A. 1937. New sites for 
Tertiary mammals in Kazakhstan. 
Priroda, No. 9. 


PETROV, B.F. 1944. A commentary to 
the soil map of the Pavlodar region. Alma- 
Ata. 


PACHIKINA, L.I. and P. I. TIMOSHIN. 
1957. The dark chestnut carbonate 
soils of the Akmolinsk Oblast', their 
properties and modification when worked. 
Akad. Nauk KazSSR, Trudy In-ta pochvov. 
Violins 


PRASOLOV, L.I. 1927. The way in which 
soils become solodized. Pochvovedeniye, 
No. 1. 


RAYKIN, A. 1913. The Petropavlovsk- 
Kokchetav district of the Akmolinsk 
Oblast. In: Preliminary Report of the 
Migration Board, St. Petersburg. 


52. 


53. 


04. 


55. 


56. 


57. 


58. 


59. 


1444 


ROZHANETS, M.I. 1916. In the low hill 
territory of the Bayan-Aul-Karkaralinsk 
districts. In: Preliminary report of the 
Migration Board, St. Petersburg. 


STOROZHENKO, D.M. 1944. A commen-— 
tary on the soil map of the Karaganda 
Oblast'. Alma-Ata. 


STOROZHENKO, D.M. 1952. Soils of 
the low hill country of Central Kazakhstan 
Izdatel'stvo Akad, Nauk KazSSR. Alma- 
Ata. 


SUKACHEV, V.N. 1934. Studies of the 
Quaternary deposits of the Naryn sub- 
district. Expedition. Izdatel'stvo 
Akad. Nauk SSSR, Leningrad. 


TUMIN, M.G. 1910. The soils in the 
vicinity of Atbasar. Trudy poch. -botan. 
eksp., No. 10. 


FEDORIN, YU. V. 1958. Carbonate medi- 
um humus chernozems of Northern Kazak 
stan, Akad. Nauk KazSSR, Izvestiya In-ta 
pochvov, Ser. bot. i pochv., No. 3. 


SHUVALOV, S.A. 1949. Complexity of 
the soil and vegetacover of the Ust. Urt. 
In: Proceedings of the jubilee session on 
the hundredth anniversary of Dokuchayev' 
birth. Moscow- Leningrad. 


SHCHUKINA, YE.M. 1940. The history 
of the development of the contemporary 
relief of the upper reach of the Irtysh 
Valley. Materials on the geology of the 
Rudny Altay. Izdatel'stvo Akad, Nauk 
SSSR. Moscow- Leningrad. 


BURIED SOILS OF THE MIDDLE AND UPPER OLIGOCENE 


OF KULUNDA 


S.N. SELYAKOV, Biological Institute, Siberian Branch, Academy of Sciences, USSR 


The paleogenic buried soils of Western 
Siberia have not been given enough attention 
in the special literature, although a knowledge 
of them would provide a deeper understanding 
of the development of the landscapes of Siberia 
in the Paleogenic. In this paper we describe 
the morphology of the Middle and Upper Oligo- 
cene buried soils on the basis of numerous 
core samples dug by the Steppe Expedition of 
the Western Siberian Geological Administra- 
tion. 


Buried soils were found among strata of 
the Atlymsk, Novomikhaylovsk, and Zyat'- 
kovsk sub-suite of the Nekrasovy suite (contin- 
ental rocks of the Middle and Upper Oligocene. 1 


Buried soils of the Atlymsk Sub-suite of the 
Nekrasov Suite (Middle Oligocene) 


Buried soils of this suite were found by us 
in only one hole (hole 36, Dem'yanovka, abso- 
lute elevation 143 m), located on the modern 


Pavlodar plateau. The description is as 
follows: 


1. Meadow-bog soil, Hole 36. 
A 125,.9-126.4 m Darkish clay. 


A,A,g2 126.4-127.3 m Whitish-grey clay 
with blue tinge. Yellow-brown sand below. 


2. Bog soil, Hole 36. 


Ag 138-138.5 m Greyish clay with blu- 
ish tinge. Remains of roots of bog vegetation. 


g 138.5-147.m Whitish-greyish-blue 
clay. Brown sand lies below. 


1 Age of strata determined by Geologist I.G. Zal'- 
tsman. 


2¢ signifies gleyed horizon. 
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These soils are non-carbonate, low in hu- 
mus, sometimes contain the remains of the 
roots of bog vegetation. The humus horizon 
is as much as 0.5 m thick. The whitish 
color below the A horizon indicates that there 
may have been a temporary podzolization and 
gleyization. Carbonates and peat are not pres- 
ent. Both soils are underlain by brown sand. 
We may assume that these soils developed in 
a fairly moist climate, which meant the re- 
moval of the mineral products of soil forma- 
tion and the mineralizing plant residues (for 
example, carbonates) from swampy depres- 
sions. The absence of peat in the profile of 
the bog soils means that clayey, swampy 
hollows were present in the landscape. The 
periodic alternation of relatively thick layers 
of sand and clay emphasize the fact that the 
buried soils are found in a region character- 
ized by periodic activity and stagnation of 
water in a region of local swamping. Apparent- 
ly the bog soils formed and were buried in re- 
gions affected by the waters of river deltas. 
This assumption is confirmed indirectly by 
the fact that in the vicinity of Hole 36 before 
the formation of the soils in question plant res- 
idues were buried and formed brown coal In 
addition we must take into account the fact 
that coal formation extended even into surround- 
ing areas (for example, in the region of Galkino 
settlement, Pavlodar Region, hole 26). The 
soils of the Atlymsk sub-suite, which were 
found in hole 36, developed in a humic zone 
of deciduous forests, in a lowland, in the 
region of a river delta, where perhaps there 
was severe swamping and periodic burial of 
the swamps by river sand. 


Buried Soils of the Novomikhaylovsk Sub-suite 
of the Nekrasov 


Among the strata of the Novomikhaylovsk 
sub-suite we found a considerable amount of 
buried soils in the contemporary Pavlodar 
Plateau along its northern margin, and in 
central Kulunda. 


S. N. SELYAKOV 


The buried soils were bog, meadow-bog, 
meadow, podzolic soils, and also soils of 
the solonetzic group. Their description follows. 


Bog Soils. The bog soils are relatively simi- 
lar inform. Only eight types were distinguished 
among them, namely: 


1. Hole 33 (Chainka settlement, south of 
Lake Azhbulat) . 


Ag 115-115.5 m Rather dark clay with 
dark-blue tint and CaCO, concretions. 


Cg 115.5-116 m Grey with dark-blue tint 
of carbonate clay. 


2. Hole 33. 


Ag 116-116.5 m Rather dark clay with 
dark-blue tint. Spots of CaCO,. 


¢ 116.5-119 m Light-blue clay with rust- 
colored spots. Below (119-122 m) there is 


green clay, giving way (122-131 m) to blue 
sand. 


3. Hole 33. 


A 132.5-133 m Dark clay without carbon- 
ates. 


Cg 133-133.5 m Blue-grey clay with 
spots of CaCO,. Below is found a soil simi- 
lar to that mentioned. 

A similar soil was found in Hole 37 (Belousovka 
settlement, south of Lake Azhbulat) at a depth 
of 165 and 165.4 m. 

4. Hole 33. 

A 135-135.5 m Darkish grey soil. 

Ag 135.5-136 m Greyish dark-blue clay. 


g 136-136.5 m Lighter dark-blue clay 
with rust-colored spots. 


5. Hole 32. (Alga settlement, Pavlodar 
Plateau, absolute elevation 143 m), 


A 106.7-109 m_ Greyish clay. 

g 109-113 m_ Bluish-greyish clay. 

Cg 113-114.5 m Dark-blue clay with CaCO, 
concretions, transitional to lighter dark-blue 
clay with concretions and veins of CaCO,. Be- 


low lies buried meadow soil 2. 


6. Hole 37 (Belousovka settlement, south of 
Lake Azhbulat). 


A 162.8-163 m Dark carbonate clay with 
remains of root system of herbaceous vegeta- 
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tion. 


g 163-165m Greenish clay. Below lies 
a bog soil similar to soil 3. | 


7. Hole 42 (Belotserkovka settlement, ab- 
solute elevation 139 m, south of Lake Azhbulat 


A 154.5-155 m Dark clay. 


g 155-158.5m Bluish-~greyish clay. 
Similar soils were found below (158.5-170 m), 
and also in Hole 42 at a depth of 172.8-173.5 m: 


8. Hole 42, 
Ag 170-170.2 m Darkish-deep-bluish clay 


Ag 170.2-171m Greyish dove-colored 
clay. Below (171-172.8 m) there is a buried 
meadow soil (type 4). 


Thus the bog soils are low and average in 
humus. The humus accumulates in a layer 
0.2-2.3 m thick. Carbonates may or may not 
be present in the soils. Where they are pres- 
ent, the CaCO, accumulates in the form of 
concretions, spots, and veins, The carbonate: 
are found low down, high up, or over the whole 
soil profile. The bog soils are fine-textured. 
Often we observe subsequent formation and 
burial of bog soils without interventing strata 
(cf. above). 


Meadow-bog soils. The meadow-bog soils 
are not described as soils transitional from 
bog to meadow. 


Meadow soils. There are four types of 
meadow soils. 


1. Hole 33. 
A 112.8-113.4m Dark clay. 


AB 113.4-114m Darkish-grey clay. 
Cg 114-114.5m Bluish-grey clay with 
rust-colored spots of R,O, and spots of CaCO,. 


Below (114,5-115 m) there is a bluish-grey 
non-carbonate clay with rust-colored spots. 
A similar soil was found in Hole 23 at a depth 
of 107.5-112.8 m, but in this the carbonates 
were in the form of concretions, spots, and 
veins, 


2. Hole 32, 

A 114.5-115 m_ Dark clay. 

AB 115-115.8m_ Grey clay. 

g 115,8-117.7 m  Bluish-grey with 


grey veins along the fissures and capil- 
laries. 


oF 
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g 117.7-119m Dark-blue clay. 


3. Hole 31. 
ida. 


Rozhdestvenka. Central Kul- 


A 163.5-164m_ Black clay. 
AB 164-164.3 m Dark-grey clay. 


AB, 164.3-168.9 m Grey-silty clay. 

Below there is a layered greyish silty clay. 
milar to soil 3 found in Hole 37 at a depth of 
32.6 m. 


4, Hole 42, 
A 152-152.2 m_ Black clay. 


AB 152.2-153 m Greyish with remains 
‘roots of herbaceous vegetation. 


Below (153-154 and 171-177.8 m) there are 
eadow soils similar to this type. 


Thus the buried meadow soils in question are 
oderately or strongly humic. They have 
early defined A and AB horizons. The A hori- 
n is 0.2-0.6 m thick. The soils are non- 
bonate or carbonate. In the latter, the 
rbonates have accumulated in the lower 
rt of the profile in the form of spots. Gleiza- 
mn is not found (soils 3 and 4) or occurs in the 
wer part of the soil profiles (soils 1 and 2). 


Podzolic Soils 


Buried podzolic soils were found only in 
le 37: 


1. Podzolic soil, Hole 37. 


A 159.6-159.8 m Dark clay with plant re- 
—2zins. 


A, 159.8-160 m Greyish-whitish clay 
lay loam). 


g 160-162.8m Green clay. 


The podzolic soil, apparently, can be de- 
snated as a typical gleyed-podzolic soil. 


Soils of the Solonetzic Group. Solonetzic 

ils were identified by the presence of a sol- 
etzic structure — clearly delimited large 

d small nut-like and acute-angular aggre- 

tes with a shiny surface. The last character- 
ic differed with the stratum, with the nature 
the colloidal film on the surface of the aggre- 
tes. Below are described two different types 
solonetzic soils. 


1. Hole 32. 
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A, 119-119.5m Grey layered silty clay 
(clay loam). 


Asn 119.5-120 m Black clay with nut-like 
structure, 
SN,° 120-120.5 m Chocolate-colored 


clay with less clearly defined nut-like struc- 
ture. 


g 120.5-121.5m Light-grey clay, transi- 
tional (121-121.5 m) to bluish-grey clay. 


2. Hole 33. 


Asn 134.3-134.8m Dark clay with nut- 
like structure. 


g 134.8-135 m Greenish deep-blue clay. 


Below there is a buried bog soil. The sol- 
onetzic soils contain low, moderate, or large 
amounts of humus. They can be assigned to 
the meadow-bog and bog solonetzic soils. As 
to depth of the solonetzic horizon they may be 
classed as crusty (surface, type 2) and deep 
(type 1) solonetzic soils. But it may be that 
the A, horizon should be classified as type 1, 
since it shows a clearly laminar structure. 
At the same time the laminar structure may 
be associated with solodization. It is quite 
possible that the nut-like structure developed 
in the manner of the modern flood-plain, non- 
solonetz, meadow soils. The buried soils of 
the Novomikhaylovsk sub-suite differ from 
the buried soils of the Atlymsk sub-suite in 
that they show local carbonation, solonization 
(2), podzolization, or solodization (!' ). 


Buried Soils of the Zyat'kovsk Sub-suite of the 
Nekrasov Suite (Upper Oligocene) 


Buried soils of the Zyat'kovsk sub-suite were 
identified in six borings. 


The following is a description of the buried 
soils: 


Bog Soils. There are three types of bog 


soils, namely: 

1 Holer3i: 

A, 147.5-148 m Darkish-grey clay. 

Ag 148-149 m Greyish deep-blue clay. 

Below (149-149.5 m) we find greenish sand, 
underlain by light greenish (149.5-150 m) and 
green (150-151 m) clay. Soils similar to this 


were identified in Hole 34 at depths of 86.4-90 
and 102-105 m. 


3SN horizon means solonetzic horizon. 


S. N. SELYAKOV 


2. Hole 31. 


A 151.5-151.9 m Darkish deep-blue clay. 


Cg 151.9-153.5m Light-greyish-blue 
clay with spots of CaCO,. 


Cg 153.5-154.7 m Greenish clay witha 
small number of spots of CaCO,. Below there 
is a meadow-bog soil. 


3. Hole 36. 


Ag 109.6-111.9 m Darkish deep-blue 
clay. 


Cg 111.9-114m Mottled (greyish-blue 
and rust-colored spots) clay with spots and 
veins of CaCOQ,. 


Cg 114-125.9 m Greyish-blue clay with 
occasional spots of CaCO,, disappearing down- 
wards. 


Consequently, the bog soils in this sub- 
suite are low in humus, being humified to a 


depth of 0.4-2.3 m. They are non-carbonate 
or carbonate in the lower part of the profile. 


Meadow-Bog Soils 


Two types of meadow-bog soils were identi- 
fied: 


1. Hole 32. 
A 103-104.8 m Dark clay. 


ABg 104.8-105 m Grey clay with dark- 
blue tinge. 
g 105-105.9 m Greyish-blue clay. 


Cg 105.9-106.7 m Greyish-blue carbon- 
ate clay. 


2. Hole 31, 


AC 154,7-155 m Dark-grey clay with 
spots of CaCO,. 
ABC 155-155.2 m Grey carbonate clay. 


Cg 155.2-155.4 m Greenish-deep-blue 
clay with spots of CaCO,. 


C 155,.4-155.6 m Whitish greyish-blue 
non-carbonate clay with concretions of CaCO,. 


The meadow-bog soils are slightly or mod- 
erately humic. 


The A horizon is 0,3-1.8 m thick. Carbon- 
ates are present over the whole profile or in 
the lower part of the soil profile. Gleization 
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is pronounced below the humified part of the 
soil profile. 
Meadow Soils 


The meadow soils were few and five types 
were identified. 


1. Hole 34. 

A 96.8-97 m Dark clay. 

AB 97-100 m Grey clay. 

g 100-102 m Light deep-blue clay. 
2. Hole 31. 


AC 155.6-156.1 m Darkish clay with 
veins of CaCO,. 


ABC 156.1-156.6 m Gray clay with a large 
number of veins of CaCQ,. 


Cg 158.6-160.5 m Light deep-bluish clay 
with veins of CaCOQ,. 


3. Hole 40. Vorontsovka settlement. 
Northern Kulunda. 


A 130.2-131.7 m Dark-grey clay with 
cinnamon-brown tinge. 


ABg 131.6-135.9 m Grey clay with green- 
ish tinge. 


4. Hole 42. 


A 
sands. 


127.5-128 m Cinnamon-brown grey 


AB and the stratum from 128-152 m Grey 
sand, 


5. Hole 31. 


A 163.5-164m _ Black clay. 


AB 164-164.3 m Darkish-grey clay. 


B_ 164.3-168.9 m Grey silty clay. 
Below (176-181.3 m) there is a layered, 
silty clay. 


The meadow soils of this sub-suite de- 
veloped on clays and sand. They contain large, 
medium, and small amounts of humus. They 
are humified to a considerable depth. Gleiza- 
tion is found in clayey meadow soils in the 
lower part of the profile; sandy textures are 
not gleyed, The meadow soils are carbonate 
or non-carbonate, depending on the conditions 
of their development. 


BURIED SOILS OF KULUNDA 


Table 1 


Relation of vegetation and buried soils 


Sub-suite of the 


Characteristic features 


Nekrasov suite ‘ 
Vegetation 


Soils 


Atlymsk, Middle 
Oligocene 


Novomikhaylovsk, 
Middle Oligocene 


Increased number and variety of 
Characteris- 
tically includes thermophilic 
plants (Pterocarya, Ilex, Nyssa) 


broadleaf forms. 


Zyat'kovsk, Upper 


Lesser role of subtropical forms 
and increase of Turgay forms 


Increased proportion of species 
of Pinaceae and Taxodiaceae 


Conifers (Pinaceae, Taxodiaceae) 


Development of podzolic soils on 
elevations. In depressions, de- 
velopment of clayey bog soils, 
meadow-bog soils, meadow soils, 
with carbonate horizons or without 
them 


Appearance of nut-like structure in 
some meadow-bog and meadow 
soils. 


On elevations, development of pod- 


Oligocene 


and broadleaf with some herbace- 
ous vegetation (Onagraceae, Pot- 


zolic soils; and in depressions, 
clayey, bog, meadow-bog, meadow 


amogetonaceae, etc. ) 


Turgay forms dominate among the 
angiosperms (Salix, Betula, Alnus, 


soils; soils of depressions locally 
carbonate 


Increased quantity of water-soluble 
salts in the parent material. 


Tilia, etc. ) 


Thus, we found among the strata of the Zyat'- 


ovsk sub-suite soils similar to the soils of the 
Yovomikhaylovsk. 


Discussion of the Results 


The buried soils of the Middle and Upper 
\ligocene of Kulunda (Pavlodar Region, Altay 
ubdistrict) are bog, meadow-bog, meadow, 
nd podzolic soils. Their profiles are similar 
9 corresponding profiles for modern soils. 
‘he conditions attending the development of 
hese soils can be reconstructed to varying 
egrees from the plant residues and the state 
f the buried soils themselves (see Table 1). 


The development of podzolic soils on ele- 
ated and even depressed relief elements shows 
nat the climate was quite moist and supported 

woody vegetation. The absence of peat and 

ne presence of carbonates in the soils of 
epression (at the time of formation of the 
trata of the Novomikhaylovsk and Zyat'kovsk 
ub-suite) indicate that the climate was becom- 
ig less moist going from the Middle to the 
pper Oligocene. The total distribution of 

oils with carbonate horizons indicates the 
resence of local centers of carbonate accumu- 
ition. The signs of soil salinization are ab- 
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sent, but it has been established that the salin- 
ization of strata increases toward the Upper 
Oligocene. Thus, for example, if we find in 
the strata of the Atlymsk sub-suite 2-3 meq 
NaCl and Na,SO, (per 100 g of material), then 
there will be 4-10 meq of salts (per 100 g of 
material) in the strata of the Novomikhaylovsk 
and Zyat'kovsk sub-suite. It may be that the 
salts have a secondary origin. But the car- 
bonates of the soils of depressions have a pri- 
mary character, since there are carbonate 
horizons in soils with non-carbonate humus 
horizons. 


The presence of a nut-like structure in some 
meadow-bog and meadow soils indicates that 
the soils may have developed under a herbaceous 
vegetation. The genesis of the structure has 
not been investigated. The structure is similar 
in many ways to the structure of modern solon- 
etz-like soils and even with the structure of 
the soils of modern river terraces, The pres- 
ence of solonetzation in the soils of depres- 
sions is in agreement with the presence of 
carbonate accumulation. If it is shown that 
the structure has formed in a manner similar 
to these modern river-terrace soils, then 
we can assume that the soils in question were 
not subject to salinization and solonetza- 
tion. 


S. N. SELYAKOV 


Conclusions 


1. In Kulunda during the Middle and Upper 
Oligocene podzolic soils developed on elevated 
relief and clayey bog soils, meadow-bog soils 
and meadow soils developed in depressions. 


2. The podzolic soils are typical and sod- 
podzolic groups, sometimes with evidence of 
gleization. 


3. The soils of depressions vary greatly in 
humus content, the thickness of the humus hori- 
zon, in gleization, and they may be non-carbon- 
ate or have carbonate horizons. 


4. Among the soils of depressions we find 
types that resemble in structure modern solon- 
etzic soils or the structural soils of river ter- 
races. 


5. The soils developed in boundaries of a 
forest zone. During the formation of the strata 
of the Novomikhaylovsk and Zyat'kovsk sub- 
suite of the Nekrasov suite, conditions were 
favorable for the local accumulation of calcium 
carbonates in the soils of the depressions. 
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NATER REGIME OF SOIL UNDER THE INDIVIDUAL CROPS 


IF A FIELD—CROP ROTATION 


'. K. RODIONOVSKIY, Novocherkassk Reclamation Engineering Institute 


From 1950 to 1955 a study was made of the 
ater regime on an experimental field of the 
.z0V-Black Sea Agricultural Institute in Novo- 
herkassk District, Rostov Region. Vyazov- 
kiy (2) assigns the area of study to the mois- 
ire-deficient western province of Rostov 
‘egion. The annual precipitation (according to 
le average over many years — from 1912 to 
955 — at the Persianovskiy meteorological 
tation) is 466 mm, though there are frequent 
eviations from this amount. Out of ten years 
1946-1955) the precipitation exceeded the 
mg-term average only in 1952 and 1955, in 
1e first case by 104 mm, in the second by $9 
1m; in the remaining years they were less. 


Method of Investigation 


The study involved a nine-field crop rota- 
on with a crop sequence: 1) black fallow, 2) 
inter wheat after black fallow, 3) spring 
heat with under planting of perennial grass, 
-5) forage, 6-7) spring wheat on once-plowed 
ind and on twice-plowed perennial forage land, 
) row crops (sunflower, corn), and 9) barley 
n the following fields: on black fallow, ina 
eld of winter wheat on black fallow under 
lixed alfalfa and wheat-grass, and on once- 
lowed land and twice-plowed land in perennial 
rass. Ona tract of land in the experimental 
eld a preliminary inspection of the soil was 
ade. On plots similar as regards relief and 
vil, measuring 450-500 m? (the latter estab- 
shed by means of additional excavations), we 
ade 2 to 4 trenches 1-3 m deep, and layer by 
yer (the depth of a layer being 10 cm), we 
ok soil samples to ascertain its moisture con- 
nt. In this way we worked out the profile of 
e clayey, coarse, silty variety (according to 
.A. Kachinskiy) of northern Azov chernozem. 
he thickness of the humus horizon (A+B,) is 
)em. The thickness of the solum (A+B, +B,) 
150 cm. There is effervescence from HCl at 
depth of 50-60 cm. The method of selecting 
1d studying the plots eliminated the effect of 
yil differences from the results. Under these 
ditions it was possible, by comparison, to 


1451 


show the effect of the individual crops on the 
water regime of the soil. 


Mathematical treatment of data on soil mois- 
ture under individual crops obtained from 
various numbers of replications shows that soil 
tests made regularly in the field, in conformity 
with the objects and conditions of the experi- 
ment, even with two replications afford com- 
pletely satisfactory accuracy, as shown by the 
data in Table 1. 


The accuracy (t%) of the moisture determina- 
tion in the soil profile under winter wheat after 
black fallow and under perennial grass on once- 
and twice-plowed land (thickness 0-40 cm) varies 
between 3.3% and 0.0% for the humus-accumula- 
tive horizon while deep down the index of accu- 
racy reaches a maximum of 1.8%-0.0%. 


Under our conditions the autumn-winter pre- 
cipitation is the main source of the soil mois- 
ture. It amounts to 30%-50% or more of the 
annual precipitation. We must strive to have the 
soil make maximum use of this precipitation and 
the meltwater. The water from atmospheric 
precipitation does not, after reaching the soil, 
merge with the ground water; the water table 
here is quite deep. In the upper layer of the 
soil, water is stored as suspended moisture and 
this constitutes the main supply in the soil. 


Available Moisture Supply in Soil and its Con- 
sumption During the Growing Season 


The moisture regimes of the various soil 
horizons have special characteristics. The 
moisture of the upper (20-cm) soil layer under- 
goes the most marked changes over the whole 
growing season. The nature of these changes is 
determined by weather conditions (by the temper - 
ature of air and soil and by precipitation). At 
the time of shoot development, when the under- 
ground root mass first begins to develop, the 
state of the crop depends almost entirely on the 
moisture of the upper (20-cm) layer of the soil. 
The humus horizon (A+B,) differs from the 


F. K. RODIONOVSKIY 


Table 1 


Results of mathematical treatment of data on soil moisture in black fallow 
with varying numbers of repetitions. July, 1954 


Two replication 


Ss 


Four replications 


Arithme-} Mean Index of | Arithme-| Mean 

Depicts tic mean error accuracy | tic mean error curacy 
(M) (M) (t%) (M) (M) (%) 

0—10 Doe SLO 1G 3) 02 PES +0.81 | 3.30 
10-20 MS) =0..50 2 (Oi aya) +0.42 | 1,65. 
20 — 30 Ba) SIS) 0) 0.84 24.2 +0.19 | 0.78 
30—40 2265 | 020 0.90 22.8 +0.31 | 1.36 
40—90 Qi oS £0.80 D1 PAL AS +0.38 4 HG 
50—- 60 5) I SE ZI) ao” 20 0 442 O00 
60—70 17.4 | +0.40 2.30 17.9 +0.34 | 1.90 
70—80 14.7 +0.30 2.04 NG), +0.55 | 3.55 
80—90 14.3 SE). 30) KG) WW +0.34 | 2.10 
90—100 liom +060 4,40) ets +0.26 | 1.88 
0—100 19.6 +0 44 2.29 Pada +0.40 | 2.03 


lower-lying horizons in its high moisture sup- 
ply. It is the horizon of intensive circulation 
of moisture. A large proportion of the roots is 
concentrated in the humus horizon as well as 
the main concentration of micro-organisms. 
is primarily from this horizon that the plant 
takes water and nutrients. We also took into 
consideration the role of the soil parent mate- 
rial (150-300 cm) in the moisture circulation 
of the entire three-meter profile. 


It 


The supply of available moisture in the soil 
was determined from the difference between the 
total moisture content and the unavailable por- 
tion. The latter was taken as the maximum 
hygroscopicity (as defined by Nikolayev). For 
the layers 0-20, 0-70, 0-150 and 150-300 cm 
it amounts to the following percentages: under 
perennial grasses on once- and twice-plowed 
land, 12.0%—11.8%—11.5%—9.7%, respectively; 
in black fallow, to 10.8%—10.3%—9.7%—9.3%; 
and under winter wheat on black fallow, to 11.2% 
—10.9%—10.7%—9.6%. For the same layers, 
the bulk density in the first case amounts to 
1.25—1.28—1.32—1.50. These values are to be 
decreased by 0.04 for black fallow, and by 0.02 
for winter wheat. 


As may be seen from Table 2, four years out 
of five had a large supply in spring of available 
moisture in the 1.5 m layer under black fallow 
as compared with the average for five years. 
The exception was 1954, when the supply of 
available moisture was 57.6 mm less than the 
average, a condition attributable to unfavorable 
weather conditions. In the autumn-winter per- 
iod preceding the spring of 1954, there was 
1.5-24 times less precipitation as compared to 


the other years. This small amount of pre- 


cipitation was used by the soil less productively. 


The winter was cold, with air temperatures 
15°to 17°C, while on individual days it reached 
-27° to -33°C. Spring thaw was slow and the 
meltwater (in part) ran off on the surface of the 
as yet unthawed soil. The larger supply of 

soil moisture in the spring of 1952 may be ex- 
plained by the better use by the soil of the pre- 
cipitation of the autumn-winter and early spring 
periods, although 54-112 mm less fell than in 
the other years except 1954. The better utiliza- 
tion of the precipitation was allowed by the warm 
winter — with a comparatively uniform distribu- 
tion of thaws over the period. The spring sup- 
ply of available moisture in the parent materials 
in some years shows little deviation from the 
mean for the five years. The exception is 1954, 
when the spring supply of moisture was 12.6 mm 
more than the average, as a result of the effect 
of residual moisture from 1953. 


The precipitation during the growing season 
does not compensate for evaporation losses of 
soil moisture. During the growing season one- 
third to one-fourth of the available moisture and 
the precipitation falling during this period are 
unproductively lost by the soil. The greatest 
amount of moisture was expended by the soil in 
1951 and (especially) in 1952. The average 
daily loss for the growing season (including pre- 
cipitation) was 2.2-2.5 mm. These two years 
were both characterized by a larger supply of 
moisture in the soil at the beginning of the 
growing season and by heavier precipitation 
during the season than the other years. The 
wettest soil will obviously lose more moisture 
to evaporation. This is confirmed by the data 
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Table 2 
Available soil moisture to plants and its utilization during the growing period in black fallow, mm, 1951-1955 
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for 1953, 1954, and 1955, when the daily mois- 
ture losses averaged 1.5, 1.7, and 1.1 mm, 
respectively. In the literature opinions are 
divided on this point. According to Lebedev 
(4) the moisture content of a soil does not af- 
fect the evaporation energy of the same soil. 
Subsequent study of the point in question by a 
number of investigators (1, 3,5, 6,8) showed 
that there is a relation between the rate of 
evaporation from the soil and its wetness. 
Parkhomenko (7) showed by special experi- 
ments that there is a direct relation between 
soil moisture and the evaporation energy of the 
same soil. According to his data, evaporation 
will be greatest when the soil moisture is ap- 
proximately at field capacity (but does not 
exceed it). 


Under our conditions the loss of soil mois- 
ture in black fallow is most sharply manifested 
when its moisture content is not less than 25% 
(of dry weight). When this drops to 22%, the 
moisture loss drops relatively abruptly, and at 
20%-19% the moisture level in the humus hori- 
zon stabilizes somewhat. But in the hot, dry 
season the moisture loss reaches lower values, 
stabilizing at 17%-16% (where the molecular 
capacity is 14%-15%). At 150-300 cm soil 
depth, moisture loss is most rapid at 16% or 
above; it becomes comparatively stable at 14% 
(with a maximum molecular capacity of 14%- 


15%). 


As may be seen from Table 3, the greatest 
moisture loss under winter wheat on black fal- 
low occurred at the beginning of the growing 
period in 1952 and 1955, which, as we re- 
marked previously, is attributable to the 
favorable weather conditions of the preceding 
spring. A reduction in available moisture was 
noticed in the months that followed, being par- 
ticularly marked at 120-150 cm depth when the 
grain was developing. The sharpest reduction 
in available moisture and unproductive losses 
were observed in 1951 and 1954. Toward the 
end of the growing period, on September 14, 
the supply of available moisture in the soil 
dropped, as compared tothe spring of 1951, by 
92%, in 1954, by 68%; in 1952, 1953, and 1955, by 
69%, 66%, and 55% respectively. The mean daily 
loss for the growing period (from August 12 to 
September 14) came to 3.05 mm in 1951, 3.35 
mm in 1952, 2.3 mm in 1953, 2.6 mm in 1954 
and to 2.2 mm in 1955. The consumption of 
available moisture (plus precipitation from 
April 12 to harvest) per centner of grain was, 
in 1951, 19.2 mm with a harvest of 15 entr/ha; 
in 1952, 11.7 mm with a harvest of 30 cntr/ha; 
in 1953, 10.9 mm with a harvest of 20.5 cntr/ha; 
in 1954, 17.6 mm with a harvest of 19 cntr/ha; 
and in 1955, 9 mm with a harvest of 34 cntr/ha. 


The winter wheat harvested in 1955 grew on 
the supply of moisture in the soil, since from 
April to harvest precipitation was only 55 mm 
or 2-4 times less than in the preceding years. 
In 1952 the loss of soil moisture during the 


development of the winter-wheat harvest was 

compensated to some extent by precipitation in 
May and June (to the extent of about 200 mm, or! 
3.6 times more than in 1955). Thus the total 
consumption of moisture (soil plus precipita- 
tion) was 80 mm greater in 1952 than in 1955. 


The presence of a supply of available mois- 
ture in the soil and its various horizons under — 
this or that crop after harvest is an index of the | 
suitability of this crop as a precursor for suc- — 
ceeding crops. According to the data of Table | 

| 


| 
| 
| 
| 
| 
| 
| 


3, the average supply of moisture over five 
years inthe upper 20-cm layer of the soil is 

16 mm after the harvest of winter wheat. On 
September 14 it droppedto 13 mm. The soil | 
to a depth of 1.5 m contained 81.6 mm. The sup 
ply of available moisture was especially low 
after the harvest of winter wheat in 1951 and 
1954 — in the upper (20-cm) layer, 2.2 and 1.7 
mm, respectively; in the upper 1.5 m, 65.3 and | 
53.5 mm. On September 14, 1951, the supply of 
available moisture in the upper 1.5 m dropped 
to 17.8 mm. 


As may be seen from Table 4, the supply of 
available moisture under perennial herbage was 
considerably less in 1950 than in 1951-1952. 
This was a dry year. During the autumn-winter 
period preceding the spring of 1950, precipita- 
tion was 125 mm, or 163 mm less than in 1951. 
The greatest supply of available moisture 
throughout the whole growing period was noted 
in 1952. This year was the most favorable as 
regards both the amount and distribution of 
precipitation. The soil moisture content under 
the individual forage crops were unequal. 
Moisture was higher in the first two meters of 
soil under alfalfa and on alfalfa-wheatgrass 
mixture than under wheatgrass of the same age 
(third year). Here the individual characteristics 
of these crops were manifested. Alfalfa has a 
well-developed root system reaching deep into 
the soil, along which precipitation moisture 
penetrates to a great depth, and the soil is more 
fully utilized than under wheatgrass. The 
branching root system of wheatgrass develops 
mainly in the upper layers of the soil. These 
characteristics also affected the nature of the 
changes in the supply of soil moisture in the 
succeeding months of the growing period. 


Alfalfa uses the moisture from the deeper 
layers, so that during the growing period of 
1951-1952 the supply of moisture in the second 
and third meters was less under alfalfa, es- 
pecially as compared with wheatgrass. Wheat- 
grass consumes moisture principally from the 
first meter of the soil. In September 1952 the 
whole supply of available moisture in the upper 
(20-cm) layer of the soil under alfalfa and the 
alfalfa-wheatgrass mixture was used up. An 
abrupt drop in moisture content occurred at 
this time, over the whole first meter of soil. 
In this case the moisture was used for the 
growth of the plants after the hay cutting. Good 
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growth of the forage was permitted by the sum- 
mer precipitation (319 mm). In 1951, the 
average daily moisture consumption (from soil 
plus precipitation) for the growing period 
(April 12 to September 14) amounted to: under 
alfalfa, 2.8 mm; under an alfalfa-wheatgrass 
mixture, 2 mm; and under wheatgrass, 2 mm. 
In 1952 it amounted to 3.4 mm, 3.6 mm, and 
2.8 mm, respectively. 


In 1952 the perennial grasses used up more 
moisture. It yielded in that year a higher hay 
harvest than in 1951. In 1951 the alfalfa hay 
harvest was 27.6 cntr/ha; that of mixed 
alfalfa-wheatgrass, 30.8 cntr/ha; and that of 
wheatgrass, 24.4 cntr/ha. Moisture consump- 
tion (soil moisture plus precipitation during the 
period to the hay harvest) was 8.8, 7.6, and 
6.6 mm per centner of hay, respectively. In 
1952 the harv.—t of alfalfa hay reached 52.3 
entr/ha; that of the alfalfa-wheatgrass mixture, 
56.4 entr/ha; and that of wheatgrass, 27.5 
entr/ha. Consumption of moisture (from soil 
and precipitation) per centner of hay amounted 
to 6.2, 6.0, and 10.3 mm, respectively. 


If we compare the mean daily consumption 
of moisture in the growing period (April 12 to 
September 14) by winter wheat on black fallow 
and by the perennial forage crops, it turns out 
that it is practically the same in either case. 
In the relatively dry year of 1951, the mean 
daily moisture consumption under perennial 
forage crops was somewhat less than under 
winter wheat. 


The density of the forage crops had its ef- 
fect on the changes in the moisture content of 
the soil. A dense (887-1075 shoots per m2?) 
cover is more economical and uses the soil 
moisture more productively than a sparse 
cover 407-605 shoots per m2). This was es- 
pecially apparent in the dry year of 1951. In 
May 1950 the soil moisture content under thick 
grass was 1.5%-3% lower than under a cover 
half as dense. In the following months the soil 
moisture content under dense and sparse grass 
was equalized, but from June 29 to September 
(until the hay harvest) five plots out of seven 
showed higher soil moisture content under the 
dense crop. A difference in soil moisture con- 
tent between the dense and the sparse crops in 
three cases out of five is very probably: the 
coefficient of reliability was more than 3; in 
two cases it was 1.4-2.2. 


At the same time, observations were made 
of the soil temperature (in the first 40 em) and 
of atmospheric humidity in the dense and sparse 
forage crops, and in black fallow, for purposes 
of comparison. Under the dense forage crops 
the soil temperature was 7° C lower than under 
the sparse, and 14° C lower than in the black 
fallow. These differences were observed to a 
depth of 40 cm but were more sharply pro- 
nounced in the upper layers of the soil. The 


relative humidity of the air in the dense forage 
crop was 5%-18% higher than for the sparse 
crops, and 14%-30% higher than for the black 
fallow. The differences in soil temperature an 
relative humidity of air in the plants is particu- 
larly pronounced in clear sunny weather, at 
1:00 pm in the hot days of summer. 


As may be seen from Table 5, the supply of | 
available soil moisture was less during the 
growing period under perennial grasses, and it 
was lower at 150-300 cm depth. Here we see 
clearly the ability of perennial forage crops, 
especially alfalfa, to utilize moisture from the 
deepest levels, which is not used by annual 
crops (grain), being for them a sort of "dead | 
capital." | 


The moisture lost from the soil and parent 
material during the growth of perennial forage | 
crops is almost completely restored after the — 
first and second plowing of fields in these crops 
(to the level in black fallow). The effective re- 
newal of the supply of moisture in the second — 
and third plantings after perennial forage crops 
is ensured by the fuller soil utilization of at- 
mospheric precipitation, owing to the improved 
physical properties and structure of the soil. 
The legume-grass forage mixture in its third 
year produced, even in the first sequence of 
crop rotation, an increase in the number of 
particles >0.25 mm in diameter as compared tc 
an old plot of winter wheat (by 17%-21%). 


Perennial forage crops make a more pro- 
ductive use of soil moisture than annual crops 
(grain). In 1952, according to our observations 
winter wheat (on black fallow) on June 14 pro- 
duced a top yield of 65.5 cntr and a root yield 
to 40 cm deep of 46.73 centr, or a total air-dry 
weight of 112 cntr/ha. By this time 95.64 mm 
of moisture had been consumed in the upper 2 n 
of the soil, or 60.6% of the spring supply of 
available moisture. On this same date an 
alialfa-wheatgrass mixture in its third year hac 
produced a top yield of 42 centr and a root yield 
in upper 40 cm of 166 cntr, or total air-dry 
weight of 208 entr/ha. During this time the 
mixed forage consumed 77.44 mm of moisture 
from the upper 2 m of soil, or 57% of the sprin 
supply of available moisture. Thus the alfalfa- 
wheatgrass mixture in its third year produced 
nearly twice as large a top and underground 
yield, and at the same time used 3% less mois- 
ture than did winter wheat. 


For an objective evaluation of moisture con- 
sumption by perennial forage crops, it is neces 
sary to take into account the amount used to pri 
duce not only the tops (hay), but also the under: 
ground mass (roots). The latter is an effective 
means of enhancing fertility and maintaining it 
as high a level as possible in field-crop rotatio 


The depth of spring wetting and the degree a 
drying of the soil under individual crops vary. 
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The average depth of wetting (over the five 
years) in black fallow was 140 cm, with 
fluctuations in this or that year of 90-210 cm; 
and under winter wheat on black fallow, 217 
cm, with fluctuations of 130-300 cm. Wetting 
of the soil under the alfalfa-wheatgrass mix - 
ture in its third year reached 110-140 cm; 
under alfalfa at the same age, 110-150 cm; and 
under wheatgrass, 70-100 cm. After plowing 
of alfalfa, it reached 200 cm; of an alfalfa- 
wheatgrass mixture, 130 cm; and of wheat- 
grass, 90cm. After second plowing of grass 
sod, it reached 100-120 cm. 


Soil drying in black fallow, as shown in 
Table 6, is more marked in the upper 70-cm 
of the soil; at 70-150 cm the drying is less. 
Under winter wheat on black fallow, drying is 
observed to 1.5 m but is more marked in the 
upper 70 cm. After the harvest of winter 
wheat, some reduction in moisture was also 
observed at 150-300 cm. The same sort of 
drying was observed under spring wheat sown 
on once- and twice-plowed forage-crop land, 
with this difference — after the harvest of the 
spring wheat the supply of moisture over the 
entire profile was noticeably higher. Under 
perennial forage crops (alfalfa and the alfalfa- 
wheatgrass mixture), drying was more notice- 
able in the second and third meters of soil, but 
under wheatgrass, mainly in the first meter. 


CONCLUSIONS 


1. Ina field-crop and forage-crop rotation, 
black fallow provides the greatest supply of 
moisture in the upper 3 m of soil throughout the 
whole growing period. In black fallow, the pre- 
cipitation of the spring-summer period is more 
fully utilized, but they do not compensate the 
moisture losses over the whole growing period. 
The consumption of available moisture con- 
stitutes 19.6%-35% of the spring supply. 


2. Soil under winter wheat on black fallow 
makes good use of the precipitation of the 
autumn-winter period (during the year the win- 
ter crop is sown) and of the spring meltwater 
of the succeeding year. The consumption of 
available soil moisture during the growing 
period amounts to 69.2%-92% of the spring 
supply. 


3. The consumption of available moisture 
by perennial forage crops during the growing 
period amounts to 82.4%-90.4% of the spring 
supply. Forage crops use moisture more pro- 
ductively per unit of dry weight. For an ob- 
jective evaluation of moisture consumption by 
perennial forage crops, it is necessary to take 
into account the amount used not only to pro- 
duce top mass (hay), but also the root mass. 


4. The moisture used up by perennial gras- 
ses is restored almost wholly in the first and 
second plowing after the perennial forage 
(spring wheat sown). The effective renewal of 
moisture in the first 3 m of soil after the first 
and second plowing is secured by the fuller 
utilization of the precipitation of the autumn- 
winter and spring-summer periods, by reason | 
of the improvement of the physical properties | 
and structure of the soil during the growth of 
perennial forage crops. | 
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ENSIOMETRIC AND ELECTROMETRIC METHODS 


)F MEASURING SOIL MOISTURE 


I. SUDNITSYN, Forestry Laboratory, Academy of Sciences, USSR 


The acute need for large-scale observa- 
ions of the water regime of soils for various 
gricultural, forestry, and hydro-technical 
urposes has set before soil physics the urgent 
ask of developing inexpensive, rapid, and ac- 
urate methods of determining soil moisture 
nder field and laboratory conditions. The 
1ethod of determining moisture in samples with- 
rawn from soil is complicated, however; more- 
ver, it breaks up the soil cover. Thus, at pres- 
nt, the most promising methods are those which 
ermit continuous determinations of soil mois- 
ire to be made in situ. 


The majority of the proposed methods are 
ased on the fact that there is a functional de- 
endence between the moisture of the soil and 
S physical properties, namely: the heat capa- 
ity and heat conductivity, the electrical con- 
uctivity and dielectric permeability (1, 4, 6, 
2), and the capillary forces. It is thus possi- 
le to determine the soil moisture by measur- 
ig the magnitude of one of these properties 
ith instruments which are permanently kept 
1 the soil. 


The study of the capillary forces which de- 
elop in the soil has proved particularly fruit- 
il. Capillary forces can be characterized by 
1e magnitude of the negative (capillary) pres- 
ure (H), which denotes the amount of work 
one in relation to a volume unit of liquid. The 
imension of the capillary negative pressure is 
xpressed as follows: (units of work/units of 
plume) = (units of pressure). By using this 
haracteristic it is possible to establish a 
ingle pressure scale for all conditions of soil 
oisture. If the soil has a water-table, then 
‘the upper surface of the water table the mois- 
ire is subject to zero pressure. Below this 
vel, in the saturated zone, the pressure is 
sitive; above, in the unsaturated zone, the 
ressure is negative. Various units are used 
) measure negative pressure: atmospheres, 
irs, millimeters of mercury, centimeters of 
ater, and, lastly, pF, which is equal to the 
garithm of the negative pressure expressed in 
sntimeters of water with the opposite sign. 
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Existing methods of measuring the negative 
pressure of soil moisture are either direct or 
indirect. One of the direct methods consists 
in bringing the soil into contact with a porous- 
walled cell filled with water. If the soil is not 
saturated with moisture , the water from the 
cell moves into the soil until the negative pres- 
sure of the soil moisture equals the negative 
moisture pressure inside the cell. It is this 
principle that forms the basis of the "'tensio- 
meter" for measuring negative pressure in 
the field (3,13, 14,15). The tensiometric 
method, however, is effective only for nega- 
tive pressures greater than one atmosphere, 
since at lower pressures the water vaporizes 
("cold boiling"). 


At negative pressures of less than one at- 
mosphere it is necessary to resort to indirect 
methods of measurement. Currently the most 
widely used method is that of calibrated proous 
bodies — blocks of gypsum, glass or nylon 
fiber, cement, etc. The pore space of the 
block has a fixed configuration and in some 
cases (gypsum) the blocks are buffered against 
salt solutions (2, 7, 8,9, 10,11, 15,16). The 
blocks are in constant capillary contact with 
the soil, and consequently the negative mois- 
ture pressure in the soil-block system tends to 
equalize. For a rough estimate of the magni- 
tude of negative pressure in the soil, it is 
sufficient to measure it in the block. This in 
turn is a function of the electrical properties 
of the block. There is thus the following func- 
tional sequence: soil moisture — negative pres- 
sure of the soil moisture — negative pressure 
of the moisture in the block — electrical con- 
ductivity (dielectric permeability) of the block. 
For practical purposes it is often sufficient 
to establish an empirical connection between 
the two end members of the series, i.e., the 
moisture content of the soil and the electrical 
conductivity of the block. This method is pre- 
ferable to the measurement of electrical proper- 
ties of the soil itself, since this is technically 
very difficult (1, 4). 


The importance of studies of negative pres- 
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sure is not restricted merely to soil-moisture 
determinations. There has long been an acute 
need for an independent thorough study of the 
energy state of soil moisture; for on it depend 
such important properties of the soil as the 
capacity to absorb, retain, and transfer mois- 
ture as well as to supply it to plants. The use 
of single energy characteristics in the study of 
the water regime of the soils and plants, by ex- 
cluding to a large extent the effect of differen- 
ces in soil texture and constitution, makes it 
possible to draw more general conclusions. 


This study was devoted to perfecting the 
design of instruments for the measurement 
of negative moisture pressure and moisture 
content in the soil and to developing the best 
methods of using and calibrating the instru- 
ments. 


The work was carried out on light-chestnut 
slightly solonetzic medium clay loams and on 
ordinary fine clay loam chernozems. Some 
physical characteristics of these soils are 
presented in Table 1. The first section of this 
paper deals with the results of a study of the 
tensiometric method; the second, with a study 
of the block method, 


Table 1 


Physical properties of medium clay loam light- 
chestnut soil and fine clay loam chernozem 


Hori- 
zane eee ae [Ey 
Soils and event ity osity, 
CUE oisture,%|gms/cc 
Light- | 
chestnut A 10 |Not det'd. |} 1.28 | 52 
B 40 " 1.36 | 50 
C 70 i TAs | A 
Chernozem | A 20 10.8 ley | BY 
A 40 11.8 L BO |) Bye 
B 60 10.0 tb BO) |) ail 
BC 90 9.6 1 SSel a 49 
C 120 9.0 1.43 47 


Tensiometric Method 


GIKI bacterial filters, mark F-5, type 5-a 
were used as tensiometric cells. The filter 
was connected to a manometer by a rubber 
vacuum tube, glass and brass tubes. The mer- 
cury manometer consisted of a thick-walled 
glass capillary tube with an internal diameter 
of 1.5mm. Each limb of the manometer was 
75 cm long, and at the top end of one was a 
valve through which air could be evacuated 
while the instrument was being filled with 
water. 
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For measurements at deep levels (to 1.5 m) | 
the filter was placed into a hole made with a | 
drive pipe. This was done in such a way that | 
the area of contact between the filter andthe | 
soil was not less than 25 cm’. Since capillary | 
equilibrium is established rather slowly (in 
not less than 24 hours even at a minimum | 
moisture capacity) the tensiometers were set | 
up within the measurable time throughout the | 
experiment. | 

: 


The tensiometers were first calibrated unde 
field conditions. Determinations were made on | 
a bare 3-m? plot of light-chestnut soilandon 
three 8 m? chernozem plots: 1) without vege- 
tation 2) with four-year-old ash seedlings, | 
and 3) with four-year-old oak seedlings. The 
plots were bordered and irrigated until the 
moisture at a depth of 2 m was at field capacity. 


Moisture determinations were made at inter- 
vals of 1%-2% decrease. All weight and tensio-. 
metric determinations were replicated twice. 
The calibration curve was plotted in 3 stages: 

1) the curve of negative pressure vs. time, 

2) the curve of soil moisture vs. time, and 3) 
the curve representing the dependence of nega- 
tive pressure on soil moisture, by plotting 
points corresponding to different moments of 
time. 


The results presented in Figure 1 and 2 
show that the relationship of negative mois- 
ture pressure on the moisture content in the 
various soil horizons is represented by a set 
of hyperbolic curves. In an analytic form 
they are expressed by power-function equa- 
tions (Table 2). The porous filters which we 
used provided reliable data up to a negative 
pressure of 400 mm of mercury; beyond this 
point air began to seep through the walls of 
the filter and this upset the equilibrium of 
the soil-tensiometer system. As regards 
the accuracy of the tensiometric soil-moisture 
determinations, generalized calculations have 
shown that the mean square deviation of the 
individual measurements (t) was 0.4% of the 
weight of the dry soil, but when moisture was 
measured by the drilling and drying method, (t) 
was 0.8%. 


Since field calibration is time consuming 
(from one to two months), we tried to find other 
methods of calibration under laboratory condi- 
tions. The first series of tests was carried 
out with disturbed samples from different gen- 
etic horizons of light-chestnut soils. The 
samples were passed through a sieve with 3 
mm openings and poured into unglazed clay 
pots, where they were moistened and tensio- 
meters were placed. The soil water evaporatec 
through the porous pot walls. The calibration 
results differed greatly from those obtained 
under field conditions, especially for hori- 
zons A and B (Fig. 1). For horizon C the 
results were closer, but even here, at one and 
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nd ee a 
0 - 100 200 -30U -400 H, mm Hg 
Fig. 1. - Relationship of the negative moisture pressure (H) and moisture 


(w) for a light-chestnut medium clay loam. 
For bulk samples: 1 - A-horizon (10-14 cm); 2 - B (14-27); 3 -C (48- 
80); 4 - A disturbed. For the monolith; 5 - A (10 cm); 6 - B (40); 


7 - C (70); For field experiments; 8- A (10 cm); 9 - B (40); 10 - C 
(AM) 


15 


0 - 200 - 400 H mm Hg 


12 
i a ee 
25 30 35 40 45 1gR 


* 


Fig. 2. - Relationship of negative moisture pressure (H) and electric resistance of blocks 
(R) on the moisture (w) for fine clay loam chernozem. 


For samples with natural structure: 1] - horizon A (20 cml <2 =eA"(40)) “3 - BCe (90) 4 
E (igoyam ror fieliditests;) St2 AN20wen) 3106 <A (40)¢ 47 BCr(90)7' Bis C+(120); vilog 
Be filw) afdrefleldytests; SOraAa(20xcals 000 = A (40)ge7 11 =BC9(90)5) Zeer (120). 
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Table 2 


Relation between soil moisture and 
negative pressure for an ordinary 
clay loam chernozem 


Horizon ! 
and depth, Formula 
cm | 
A 20 w = 38.9.\H|-°? 
B 50 o= 36.0 
BC 90 Ape eee 
‘ ‘ —0.41 
bE w = 35.3-|H| wal 


Note: w = soil moisture as a percent- 
age of the weight of dry soil H = nega- 
tive pressure, mm of mercury. 


the same negative pressure, soil moisture as 
determined under laboratory conditions was 1.5 
times higher. This was due to the fact that the 
wetting of the disturbed samples did not remove 
the lumps formed in the course of extraction, 
pulverization, and sifting of the samples; these 
bore no relation to the soil in its natural state. 
By crushing the sample in a moist state it was 
possible to remove some of these lumps and so 
to bring about closer agreement with the results 
obtained under field conditions, but even so the 
results cannot be regarded as satisfactory. 


The second series of tests was carried out 
with a monolith of light-chestnut soil 1 m high 
and (15 x 15) cm? in cross section. It was iso- 
lated from the side walls with sealing wax and 
moistened. The soil was dried from the top 
under conditions which approximated the natur- 
al. Tensiometric tubes for recording the nega- 
tive pressure were inserted at different depths 
into the side walls of the monolith. Samples 
for soil moisture determination were taken 
from the monolith with a borer through paraf- 
fin-filled openings in the sealing-wax insulat- 
ing cover. The results approximated those 
obtained under field conditions (Fig. 1). How- 
ever, Since tests with large monoliths are comp- 
licated and awkward, in the third series of tests 
we used small-scale samples, in which the 
natural soil structure was retained. The sam- 
ples were obtained by pressing into the moist 
soil a small aluminium beaker 4 cm high and 
5 cm in diameter. Under laboratory conditions 
the samples were placed on the flat surface of 
cone-shaped porous ceramic filters which were 
connected with a pump. The filters were filled 
with water and the pressure in them was lowered 
in steps. The pressure was decreased only 
when water ceased to seep out of the soil at a 
given pressure. The amount of seepage was 
determined by weighing the samples. To pre- 
vent evaporation, the sample was covered with 
a glass cap. The results of this series of tests 
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field conditions (Fig. 2). The simplicity and 
accuracy of this method make it the most 


| 

closely approximated those obtained under | 
| 

| 

promising. | 
| 

| 


Gypsum Block Method 


Bouyoucos-type (7) gypsum blocks were | 
tested in fine clay loam ordinary chernozems, 
The blocks, of our own make (Fig. 3a), consis- 
ted of gypsum cylinders (1) 7 cm long and 5 cm 
in diameter, into which were inserted two | 
blades of stainiess steel (2), which served as 
electrodes. Through the axis of the cylinder 
ran a canal (3) 16 mm in diameter. Several 
blocks were mounted on a brass tube 15 mm 
in diameter through which ran leads connect- 
ing the electrodes to the measuring apparatus, 
The spaces between the blocks were filled with 
circular gypsum interlayers. This column, of 
the required height, was lowered into a hole _ 
bored in the soil. The top of the hole was then 
covered with earth, which was firmly com- 
pacted. Capillary contact was effected by wat- 
ering the soil, causing it to swell and press 
against the blocks. 


The blocks were made in separable moulds 
(Fig. 3b), consisting basically of a metal cy- 
linder (1) mounted on a rubber slab (2) and 
lined inside with rubber padding (3). A piece 
of vacuum tubing encased the metal rod (4) and 
was attached at the bottom to the center of the 
rubber slab and at the top to the cover (5). The 
electrodes were held by screws (6) in the cover 


To mould the blocks, alabaster was passed 
through a 0.5 mm opening sieve thoroughly 
mixed for 40 sec with distilled water in a ratio 
of 1:0.6; the suspension was then poured into 
the mould. Once it had begun to set in the 
required shape, the mould was taken apart 
and the block dried in air. 


The relationship between the negative mois- 
ture pressure in the block and its electrical 
conductivity was studied under laboratory 
conditions in 80 blocks. For this purpose bloc! 
saturated with water were gradually dried in 
cloth-covered vessels, and from time to time 
measurements were made of the electrical 
resistance of the blocks and the temperature 
depression in them, which is related to the 
negative moisture pressure by the relationship 


1g [H] = +4.1 + 1g at, 


where [H] is the negative pressure in cm of 
water, and At is the freezing-point depres- 
sion of water in °C. 


The electrical resistance was determined 
with ac and a Wheatstone bridge. To amplify 
the current load to the measuring instrument 
a two-stage amplifier connected to the line 


MEASURING SOIL MOISTURE 


rrent or to batteries was used. The freezing 
int was measured with Beckmann thermomet- 
s (metastatic), permitting readings to be 

ide with an accuracy of 0.02°C. To achieve 
tter thermal contact between the bulb of the 
sarmometer and the block, the axial hole was 
igged at the bottom with a cork and filled 

th mercury; the bulb of the thermometer was 
2n immersed in the mercury. Freezing was 
ected in a metal beaker placed in a mixture 
ice and table salt. The temperature of the 
xture was 3-5°C below the required freezing 
nperature. Before being subjected to freez- 
y the blocks were first cooled to+1°C. The 
>ezing temperature was determined from the 
splaced segment of the cooling curve for the 
ck (we did not encounter pronounced super- 
oling as with liquids). The results of the 
peated freezing of blocks after thawing 

owed a remarkable agreement with the orig- 
11 findings; the deviation did not exceed 10% 
the measured value. The calibration re- 

lts demonstrated that the relationship be- . 
een the freezing-point depression and the 
>ctrical (ohm resistance in the negative- 
essure interval -2atm> H > -15atm could 
approximately expressed by the formula 

2 = 6H + 2.5, where R is the electrical re- 
tance of the blocks. 


The plotting of the calibration curves for 

» blocks from the field data was very similar 

the procedure used in the tensiometric meth- 
The electrical resistance under field con- 

ions was measured by a cable bridge of the 

M" type, operating with alternating current 

in the Wheatstone bridge. As with tensio- 


meters, the relationship of the electrical re- 
sistance of the blocks to the soil moisture for 
the various horizons was represented by a set 
of identical parallel curves (Fig. 2). 


As a result of the spread of the electric cur- 
rent beyond the limits of the block, the mea- 
surements gave us a value for the total electri- 
cal conductivity of the block and soil. Thus, at 
a negative pressure of 300 mm of mercury, an 
average of 25% of the current load to the elec- 
trodes passed through the soil (Table 3). As 
a result it was impossible, in a block of the 
design described, to determine the negative 
soil-moisture pressure without previous cali- 
bration, and then only on the basis of the re- 
sults of laboratory calibrations. The employ- 
ment of concentric electrodes helped to over- 
come this defect. 


Statistical calculations by the generalized 
method established that the mean square devia- 
tion of the individual soil-moisture determina- 
tions by the block method for the whole test 
was equal to 0.5% of the weight of dry soil. 


As will be observed from Figure 2, curves 
for the dependence of electrical resistance on 
soil moisture have a bend at a pressure of -300 
mm of mercury. At larger pressures, individu- 
al measurements of moisture by the block 
method became less accurate. Thus it is pre- 
ferable to determine soil moisture in the inter- 
val 0 > H> -300 mm Hg by the tensiometric 
method. By using the two methods jointly it is 
possible to carry out accurate and uninterrupted 
measurements over the whole range of soil 


Fig. 3. - Gypsum block (A) and the mould for its 
preparation (B). 


] - transverse section; 


2 - longitudinal section. 


(Explanation in the text). 
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Table 3 


Spread of electric current beyond the limits of the 
gypsum block in ordinary fine clay loam chernozem 
when the negative pressure is -300 mm Hg 


Electri 


A 20 Paley GMO Arye 

A 40 230 10-5 e 

Ber 90 238 10-5 S 
249 10-5 


Table 


Horizon Total Bee Of the soil (by diffr. ) 
and depth, | (block + Aleck Sean 
ae soil), s in 1/ohm 8 
ohm | 2/ohm the total 


cal conductivity 


MO) 4h KO 20 
08 10-5 29 
6OT1052 28 


Taal 30 


4 


Tensiometric and gypsum-block results obtained at a moisture content 


corresponding to the hydrological so 


il constants of different horizons 


of an ordinary fine clay loam chernozem 


jest . Capill abit ra 
ahd : apillary di - 
ee, ceaaen ous moisture (70% Wilting moisture 
capacity (mm orca) 
Horizon i ioe caine tea P= > — 4 
ee %, of % of | Gof | 
Ls tin raarea Log Log 
Weight) Vol. Hg [Weight] Vol. | (ohm) |Weight| Vol. | (ohm) 
‘ ax ab eee | 
{ 
iN 2X0) BAD Node =k Wiebe) LO ab Wess | ils iy |] ua 4.09 
B 40 AO) || egos. Ij =a iss || aMiyaal qT easy alae). || alee es? 4.09 
B 60 rN eey eto) jh SAO TaN Se |) She) Nh a7 4.10 
1eXC, Oe PAOLO 4) PAG) 3) SA NOLO SOY AG) ISS Syay (a) {Geos Ho AN 
C120) (QOS 2 Oa OOS 7 OIG S35 eer etGe9 Ay AUT 


moisture from saturation moisture capacity to 
wilting moisture. 


At moisture values corresponding to the 
various soil-hydrological constants, the tensio- 
metric and block readings showed good agree- 
ment for the different genetic horizons of the 
soils studied (Table 4). This proved once 
again that hydrological constants correspond 
to certain stable values of negative pressure 
(5). It is noteworthy that the variation in the 
values of the hydrological constants over the 
chernozem soil profile did not exceed 2% in 
terms of soil volume, and in the majority of 
cases was 0.4%-0.6%. This shows that it is 
a fairly uniform characteristic of all genetic 
horizons for the pore space to be filled with 
water at a moisture content equal to the mini- 
mum moisture capacity. The differences in 
the values of hydrological constants which ap- 
pear when they are expressed in percentages of 
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soil weight are due to the decrease of the bulk 
density of the soil in the surface horizons, 
which in turn, is due to the following two 

basic factors: 1) decrease in the density 

of the solid phase because of an increase in the 
content of organic matter, and 2) the forma- 
tion of large pores, the effective diameter of 
which exceeds 0.05 mm. 


Conclusions 


1) A study of the suitability of tensiometers 
and gypsum blocks for the accurate determina- 
tion of moisture in clay loam light-chestnut 
and chernozem soils has demonstrated that, 
when tensiometers are used within a range 
of negative capillary pressure of soil moisture 
from -50 mm Hg > H> -300 mm Hg, and when 
gypsum blocks are used within the range -300 
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im Hg > H > -15 atm under fixed conditions, 

is possible to obtain continuous information 
n soil moisture which is more accurate than 
lat obtained by boring and drying the samples 
emoved, 


2) To calibrate instruments which work on 
le principle of capillary equilibrium, it is 
ssential under laboratory conditions to use 
oil samples with a natural (undisturbed) struc- 
Ire. 


3) The soil-hydrological constants of the 
arious genetic horizons of the soils studied 
ninimum moisture capacity, capillary dis- 
ontinuous moisture, permanent wilting mois- 
ire) correspond to particular tensiometric 
nd gypsum-block readings. This proves the 
omogeneity of the soil profile as regards to 
ore space. 
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REVIEWS 


PROBLEM OF SURFACE INTERACTION OF A SOLID AND WATER 


V.F. KISELEV, Physics Department, Moscow State University 


I should like in this short review to make 
several comments on the article by I. A. 
Tyutyunov—''Interaction of the Mineral Part of 
Soil and Water, '' published in issue No. 2 of 
the Journal Pochvovedenyie for 1959. 


The author rightly points out at the begin- 
ning of the article that, in order to explain the 
physical nature of the interaction of solid min- 
eral particles and water, "we must find the 
explanation founded on certain conditions esta- 
blished in allied sciences,"’ evidently, physics 
and chemistry of surface phenomena. However, 
this was not realized in the article. In reading 
this article, on the other hand, we can see the 
weakness in the author's presentation relative 
to present-day views on the adsorption and 
wetting phenomena which take place on the 
surface of a solid. 


Tyutyunov begins his account of the wetting 
phenomenon by examining the thermodynamics 
of this process. At the same time he complete- 
ly ignores the principal works on the thermody- 
namics of surface phenomena, where these prob- 
lems have been discussed accurately and rigo- 
rously (4, 7, 8, and 9). This leads to ther- 
modynamic errors. Thus, for example, on 
page 30 the specific surface energy of a solid 
was determined as the difference between the 
total internal energy of the solid-water system 
(v) and the sum of the internal energies of a 
solid (v,) and of water (v,) related to a unit sur 
face S, that is, 


Ay asa Als 26) (1) 
S Ss 


On the same page Tyutyunov also gives another 
definition: ''o—is the work of the formation of 

1 cm? of surface."' It is easy to see that owing 
to the confusion in basic thermodynamic con- 
cepts between the free and internal energy 
systems, both definitions indicate different 
values: in the first definition, So—is the value 
of the total internal energy of the surface, while 
in the second definition it is the free energy of 
the surface. Thus, in equation (1) we could 
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properly understand the values of free energies 
by the values of v, v,, andv,. But even with 
such a correction the difference v - (v, + v,) 
does in no way determine the free surface 
energy of a solid, that is, the work of the 
formation of one square centimeter of surface 
in a vacuum but, instead, the work of wetting 
of a solid by a pure liquid, which is equal tu 
the difference between the free surface energy 
of a solid at the boundary between the solid 
and the vacuum So, and the interfacial tension 
So,_, at the boundary between a solid anda 
liquid, that is, 

Aves (oM= ra." (2) 


Accordingly, the heat of wetting, equal to 
the change in the total internal energy of the 
surface during wetting, as was already shown 
in 1920 by Harkins and Ewing (10), is deter- 
mined by 


Q=s(o, = Grp +72 Std), (3) 


As numerous data shows, the work of 
wetting may differ from the heat of wetting 
by 40%-70% (8). 


This inaccuracy in determing the energy of 
the surface leads the author of the article also 
to other erroneous conclusions. On page 31 
the author defines the heat of wetting as "the 
residual heat of hydration of ions which form 
this surface.'' Apart from the unsubstantiated 
and simplified investigation of the wetting pro- 
cess, there also exists in this assumption a 
thermodynamic inaccuracy. Actually (8) the 
heat of wetting is equal to: 


Tdo | (4) 


Ss Ss 
Saw %q 7 Sake + s(2- aT 


where oe —is the integral heat of water vapor 
adsorption; X, —is the value of saturated vapo1 
adsorption; L, —is the latent heat of evapora- 
tion of an adsorbent, and go, its surface tension 
The energy, which is liberated during inter- 
action of water and surface centers of adsorp- 
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ion is determined only by the first term of this 
quality —Q’ 


Then, Tyutyunov maintains (page 32) that 
'the heat of wetting is in inverse ratio to tem- 
erature.'' As an analysis of the temperature 
‘elation of all terms included in equation (4) 
shows, the temperature coefficient of the heat 
of wetting is small (7, 8), and may slightly 
ncrease and decrease with change of tempera- 
ure. This was confirmed by direct experi- 
nents (6, 5) established for the purpose of 
verifying these considerations, but which con- 
irmation, it appears, is unknown to the author 
yf the article. 


Speaking of the change in surface energy 
vith temperature, Tyutyunov on page 32 writes 
hat ''this is confirmed by experiments" and 
ntroduces by way of proof the fact of increase 
n adsorption with lowering of termperature. 
ie writes that ''as long as the surface energy 
ncreases with a lowering of temperature, the 
hickness of the water films around the mineral 
articles increases."' But he forgets that ad- 
;0rption is determined in the first place by an 
-quilibrium pressure (2) which depends upon 
emperature. Therefore, the comparison, 
vhich he makes in Figure 2, of the isotherms 
yf water-vapor adsorption on bentonite, meas- 
ired under various temperatures, is meaning- 
ess. Actually if we plot along the axes of the 
ibscissas not the equilibrium pressures but 
-ather the relative pressures (p/ps), as is 
.lways done in measuring isotherms of adsorp- 
ion, it is easy to see that the adsorption iso- 
herms in Figure 2 differ very little within 
ndicated temperature ranges. The thickness 
ff the adsorption film is determined in the first 
lace by the relative pressure of the vapor. A 
umber of studies have shown (2) that the ad- 
sorption potential actually does not depend upon 
emperature. 


The purpose of thermodynamic arguments by 
he author of the article is to provide explana- 
ions for such an important phenomenon in 
ature as moisture movement. It would seem 
lecessary to resolve this problem by beginning 
vith the existing basic physical determinations 
nd relations. However, they do not satisfy 
tyutyunov, and, in place of the well-known 
concept of the chemical potential by Gibbs (4) 

() 


fi == (which is equally applicable to both 


olumetric and surface phases), he introduces 
new chemical potential v -38 which is simply 


he surface density of free energy when the 
ther parameters of the system are constant; 
fail to see why he calls this the chemical 
otential. The author considers the difference 
etween the chemical potentials which he has 
ntroduced as ''a driving force which deter - 
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mines the direction and limit (extent) of the 
spatial movement of water.'' The cause of 

the difference in chemical potentials lies, 
according to his idea, in the temperature and 
pressure gradient. It has been shown previously 
that the work of wetting is not determined mere- 
ly by the free surface energy of a solid but de- 
pends also upon interfacial tension o,_,. To 
construct a theory based on values (1) not 
determined directly from an experiment is 
impracticable. 


Instead of a qualitative study of the move- 
ment process, its direction depending upon 
the parameters of the medium, Tyutyunov sets 
forth in his article a number of principles 
which have not been physically substantiated. 
Thus, for example (pages 33 and 34), he 
assumes the existence of active forces of 
attraction and repulsion among the particles 
of soil material (without explaining what forces). 
On page 34 we find a peremptory assertion that 
the capillary mechanism of the rise of water in 
the soil is incorrect (no explanation is given as 
to why), etc. On page 35 the author evidently 
does not agree with the concept of the surface 
phase introduced by Gibbs (4, 3), and, in 
place of one phase, introduces two phases— 
the boundary phase consisting of "single 
molecules of water, correspondingly oriented 
and compact" (condensed) (that is, evidently, 
a monolayer) and the pre-boundary phase 
(evidently, a multilayer). These innovations 
of Tyutyunov which have in no way been justi- 
fied are set forth in very contradictory fashion. 
On the one hand, he points out that the boundary 
phase consists of oriented molecules of water, 
while on the other hand (in the next paragraph), 
he writes that the thickness of this monomole- 
cular film is "tens of angstrom units, '' although 
the cross-section of a water molecule is about 
three angstroms; below he speaks of the 
thickening of this monomolecular film. The 
incompatibility of these three positions is 
obvious. 


The problem of moisture movement is one 
of the basic problems in permafrost studies. 
To resolve it, we must undoubtedly draw on 
the present-day concepts of physics and 
chemistry on surface phenomena, in particular, 
the experimental data on the mechanism of 
water adsorption, state of the substance in the 
adsorbed phase, etc. The author substitutes 
this natural means of analysis by assertions 
(which have in no way been substantiated and 
are occasionally untrue) which include a 
number of ''science like"’ terms and concepts, 
such as, for example, ''condensation of energy," 
"elastic stress state of ions,'' ''chemical poten- 


tial of the surface a ,''etc., a clear physical 
meaning for which is not given in the article. 


This not only does not help to add clarity to 
the complex phenomenon under study but rather 
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complicates the whole issue. 


We should note that applying thermodynamics 
to the study of movement is, in itself, not com- 
pletely justified, so long as movement is a pro- 
cess and, consequently, requires a kinetic or 
dynamic investigation. It seems to me prema- 
ture to try to find now the rigorous principles 
of movement in such a complex system of many 
components, which the soil-water system is. 
Conducting similar studies on model systems, 
by which the problem could be resolved under 
more strict thermodynamic conditions and with 
fewer variables, would be far more valuable 
and practicable. 


Received April 11, 1959 
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A. TYUTYUNOV’S ARTICLE — “INTERACTION OF THE MINERAL 
ART OF SOIL AND WATER” POCHVOVEDENIYE, 1959, NO.2. 


A. MARTYNOV, Institute of Physical Chemistry, Academy of Sciences, USSR, Laboratory of 


rface Phenomena 


The article by I. A. Tyutyunov — 'Interac- 
mn of the Mineral Part of Soil and Water" has 
en published in the Journal, Pochvovedeniye, 
». 2, 1959. The article covers three very 
portant problems: the thermodynamics of: 
il moisture, the molecular-kinetic (dynamic) 
=chanism of interaction of water and a mine- 
1 skeleton, and the movement of moisture in 
ils. The author of the article comes forth 
th his own theory on each of these problems. 
tt us examine these theories in greater detail. 


1. Drawing on thermodynamics for studying 
ocesses occurring in soils and soil materials 
ars great results. Therefore, we ought to 
mply welcome Tyutyunov's attempt to advance 
this direction, if it were not for several 
rors which he has assumed. Here are a few 
amples. 


In the first two paragraphs on page 30, the 
lue owas defined as a specific surface energy 
a body, while in the paragraph below it was 
fined as a specific free energy (that is, a 
rface tension). In addition, the concept of 
hemical potential of the surface v" (? !) 
roduced on page 33, is assumed by the 

thor to be equal to the derivative of the free 
rface energy F according to the value of the 
rface S. But since F = aS, where o is the 


rface tension, independent of S, v = se =; 


d, consequently, in Tyutyunov's definition 
» chemical potential of the surface" turns 
t to be simply identical to surface tension. 
us, the most important principles in the 
srmodynamics of surface phenomena have 
en confused in this article. 


On page 30 the author maintains that "hard 
ystalline and amorphous bodies which have 

rfaces of separation are characterized... by 
‘ondensation of surface energy during inter- 
‘ion with other agents (liquid or gas -like) ." 

developing this thesis he writes on page 32: 
.in the wetting process of soil, water does 
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not lose heat, but, on the contrary, absorbs 

it in large quantity and converts it to a higher 
energy level. At the moment of wetting, the 
ions, which form the surface of the mineral 
particle, are converted to an elastic-stress 
state'' (?!)... There are similar statements 
elsewhere. Thus, running through all the 
article is the assertion that an increase in 
interna] energy of both the liquid and solid 
components takes place in the wetting process, 
which, however, contradicts the second prin- 
ciple of thermodynamics. Actually during 
wetting the tensions in the surface layer of 
mineral particles decrease, while the energy 
level of adsorbed molecules of water is lowered. 
So long as the initial position of the author is 
incorrect, the statement stemming therefrom 
that "the adsorbed water does not freeze... 
during very low temperatures" owing to the 
fact that "in the wetting process of soil, the 
water...is converted to a higher energy level" 
(page 32), also contradicts the second prin- 
ciple of thermodynamics. 


On page 32 the author maintains that"... 
the surface energy of mineral particles 
increases with a lowering of temperature." 
This is not true, because the surface energy 
actually is an excess potential energy of a unit 
of surface, caused by a deficiency in neighbor- 
ing particles in the surface layer. It is obvious 
that the number of these particles does not 
depend upon the temperature of the body. 
Therefor , the surface energy also does not 
actually depend upon temperature (if we do not 
consider thermal expansion, which is neglig- 
ibly small in condensed substances). To prove 
his position the author refers to experimental 
data. However, these data in no way confirm 
his theory, because a change in the quantity of 
adsorbed matter with temperature under a 
given absolute vapor pressure was not brought 
about by a change in the surface energy of min- 
eral particles but, rather, by a change in rela- 
tive vapor pressure. 


2. I. A. Tyutyunov in his article does not 
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confine himself to the thermodynamic aspect of 
the problem—he also examines the molecular- 
kinetic (dynamic) mechanism of interaction of 
water and mineral soil skeleton (lattice). Un- 
fortunately, we cannot agree here either with 
most of his ideas. 


Examing the process of ion hydration, he 
writes on page 29: ''The complex water aggre- 
gates, falling within the sphere of influence of 
ions, lose hydrogen bonds and are transformed 
into single molecules...'' However, this indi- 
cates that "it is impossible to distinguish in 
water any isolated formations (that is, aggre- 
gates—G. M.)... we may speak only of the 
association of molecules in an arrangement 
which corresponds to a space lattice (according 
to X-ray data, which answers ice structure). uu 


Turning next to the problem of the wetting 
mechanism, Tyutyunov stresses, throughout, 
the complete analogy and almost identity of this 
process with the ion hydration process, which 
in itself is not true. He writes: ''At the mo- 
ment of wetting, the ions which form the sur- 
face...are hydrated, without leaving their 
places in the crystalline lattice. ...They also 
destroy the hydrogen bonds of complex water 
aggregates, orient and condense (compress) 
the single molecules within the sphere of influ- 
ence of the field of force of the surface formed 
by them" (page 30). Asa result, free water is 
converted to a boundary phase2 consisting of 
single molecules of water, accordingly oriented 
and condensed (compressed), which lose the 
property of gravitational movement. ...The 
boundary phase may be compared to some 
extent with the stable bonded water, while the 
thickness of the film formed by it, evidently, 
is measured in tens of angstroms" (page 35). 
Besides, the author introduces the concept of 
the pre-boundary phase which is situated 
between the boundary and volumetric phases 
and ''consists of molecules of water, bonded 
similar to free water, but devoid of a gravita- 
tional movement owing to the presence of a 
hydrogen bond between them and the boundary 
phase" (page 35). Let us examine these posi- 
tions of the author in greater detail. 


In the first place, the wetting process of 
soils of varying mineralogical composition 
takes place in various ways, which Tyutyunov 
completely ignores. For example, he does not 
consider that during wetting, crystalline swell- 
ing, accompanied by a change in lattice para- 


ISAMOYLOV, O.YA,. 1957. Structure of water 
solutions of electrolytes, and hydration of ions. Pub- 
lished by the Academy of Sciences, USSR, page 68. 


°By "boundary phase'' I. A. Tyutyunoyv, according 
to a reference on page 35, intends something quite 
different than B. V. Deryagin who introduced this 
term into science. 
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meters takes place inside, in the montmorillo- 
nite, hydromicaceous, and, partly, koalinite 
clays. 


Secondly, the author maintains that in the 
wetting process, the ions do not forsake their 
places in the crystalline lattice. As we know, 
the ions which form the surface are divided 
into exchangeable and nonexchangeable ions, 
where the exchangeable ions in the wetting 
process, by hydrating, leave their place in the 
lattice, which leads to the formation of a double 
electrical layer. 


Thirdly, the concept that water molecules, 
which form the hydrate shell of the ion, deprive 
of hydrogen bonds has not yet been proven. 
This is especially true for the "boundary phase. 
On the other hand, if we compute by adsorption 
isotherms the value of pressure of films, which 
have a total thickness of 2-3 layers of molecule 
(that is, <10 R) , we shall see that the pressure 
will not exceed a hundred atmospheres (as long 
as the second and subsequent layers, as a rule, 
are formed under a relative vapor pressure 
S>0.1-0.3). With an increase in thickness 
of film to several tens of angstroms (and this 
is the figure the author takes for the thickness 
of the boundary phase) the pressure quickly 
drops to fractions of an atmosphere. As obser 
vations have shown, pressure in hundreds and 
even thousands of atmospheres is not able to 
change noticeably the structure of water, by 
disrupting the hydrogen bonds in it. Therefore. 
the statement that, as a result of excess pres- 
sure existing in the ''boundary phase", hydroge: 
bond destruction takes place is completely un- 
substantiated. We note that this statement is 
one of the principal ones in Tyutyunov's work. 


In the fourth place, the measurements made 
by B. V. Deryagin and his colleagues showed 
that liquid viscosity in thin films is greater 
than in the volumetric phase. However, with 
thicknesses exceeding 1-2 layers, these change 
are not so great as to cause the liquid to entire 
lose its mobility. Therefore, the statement by 
Tyutyunov that movement of water molecules 
under action of gravity is impossible, in the 
boundary and pre-boundary phases, contradicts 
experimental data. 


The statement by the author that "formation 
of an adsorbed layer of water corresponds in 
energy to evaporation of the same layer from 
the free surface (as long as, in one or another 
case, hydrogen bond destruction occurs)" 
sounds strange, because, five lines later, in 
Table 2, he presents the results of experiment: 
by Harkins and Ewing (?), from which we see 
that in the adsorption, for example, of the firs 
layer of molecules to titanium dioxide there is 
given off almost twice as much heat than during 
water evaporation. 


3. Tyutyunov devotes a large part of his 
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search to studying the moisture movement 
ocess in the soil. In this connection he divides 
> entire process into two stages: "'the first 

uge is the wetting of the surface of mineral 
rticles and changing of pores; the second 

uge is the redistribution of water in the 

oling and subsequent freezing process." 

iis subdivision is hardly expedient, because 
»vement is possible also in thawed out soil, 

ut is; wihout transition from water to ice. 


Examining the movement mechanism, the 
thor states without any reasons that ''distin- 
ishing the capillary mechanism" or "the 
rces of menisci" as "driving forces..." (page 
) is incorrect. But how, then, does moisture 
ove in sands where quantity of film moisture 
totally insignificant? How, then, do we 
plain the rise of water in ordinary capillaries? 


On page 33 Tyutyunov writes that ''...the 
atial (? !) movement of film water is realized, 
1en a difference between the chemical poten- 
ils of this water and of the surface of a neigh- 
ring particle takes place...'' The difference 
chemical potentials of water itself under 
fferent soil capacities is actually the driving 
rce (more accurately, the transfer potential) 
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during movement. 


4, The errors and inaccuracies assumed 
by Tyutyunov are not confined to the examples 
which we have just given. As a matter of fact, 
the author had not one single original idea in 
his work with which we could unconditionally 
agree. Besides, the article has been carelessly 
written. Here are a few quotes as an example. 
So, the author writes ''...capillaries cannot be 
a 'mechanism!' " (page 34), "water is...a field 
of force" (page 36), ''the elastic-stress state 
of the surface layer of ions...is their chemical 
potential" (page 32), etc. The author often uses 
terms which have no physical meaning (the 
elastic-stress state of ions, page 32; the con- 
densation of surface energy, page 30, etc.). 
The same ideas are sometimes repeated in the 
article several times. For example, the state- 
ment that during adsorption, water molecules 
lose hydrogen bonds without any kind of develop- 
ment or deepening is repeated four times. 
Besides, the presentation is, in places, illogical 
(for example, in the first paragraph, on page 
34). All this makes the article extremely 
difficult to read. 


Received May 23, 1959 


DIFFERENTIAL THERMAL ANALYSIS AS APPLIED 


TO BUILDING SCIENCE 


V.S. RAMACHANDRAN and S. P. GARY (An annotated bibliography) —Central Building Research 


Institute, Roorke. (India) 1959 

This book is an annotated bibliography on 
thermal analysis problems as applied to the 
science of building materials. There are six 
sections in the book; at the end is an index by 
subject and author. 


Section I is devoted to research on experi- 
mental procedures. 


Section II includes problems of thermal 
analysis theory. 


Section III covers problems on the qualita- 
tive and quantitative thermal analysis of clays. 


Section IV deals with research on the thermal 
analysis of building materials (lime, cement, 
etc. ). 


Section V deals with research on accessory 
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minerals usually associated with clays. 


Section VI covers general problems on dif- 
ferential thermal analysis and its application 
to different fields. 


In addition, the preface contains a descrip- 
tion of procedures in thermal analytical re- 
search. Mentioned are the most important 
achievements in differential thermal analysis. 


This book is valuable for soil scientists in 
that we have here a fairly complete bibliograph 
which covers all the important literature of 
most countries in the field of thermal analysis 
of clay and clay minerals, which are widely 
distributed in soil. 


Reviewed by Ye. Shurygina 


re ig eh, win ee 
CHRONICLE 


THE INTERNATIONAL WORKING CONFERENCE ON COMPILATION 
OF A SOIL MAP OF EASTERN EUROPE 


A.A. YEROKHINA 


An international conference of compilers of 
a soil map of Europe was held on June 22-28, 
1959 at the V. V. Dokuchayev Soil Institute of 
the USSR Academy of Sciences. Work on the 
map is going forward by decision of the fourth 
International Congress of Soil Science held in 
Paris in 1956. The International Society of 
Soil Science Commission No. 5—dealing with 
the genesis, classification, and mapping of 
soils—was given the task of organizing the com- 
pilation of maps of the continents. Work on the 
soil map of Europe is co-ordinated by two cen- 
ters. For FAO member countries, co-ordina- 
tion is through the Information Center in Ghent 
(Belgium), under Prof. Tavernier. For eastern 
Huropean countries which are not members of 
FAO, co-ordination is through the Dokuchayev 
Soil Institute in Moscow, under Academician 
eV. Lyurin® 


The Conference's aim was to co-ordinate 
yperations and agree upon a common legend 
or the map of Europe to be submitted at the 
seventh International Congress of Soil Science 
n the USA in 1960. 


A draft legend edited by Academician 
[yurin had been compiled by members of the 
Yokuchayev Soil Institute's Department of the 
seography and Cartography of Soils and circu- 
ated to those attending. It had served asa 
yasis for soil maps of the countries collaborat- 
ng onthe map. The draft had also been sent 
o the Information Center with a view to co- 
yrdinating the map legends for eastern and 
yestern Europe. 


The following compilers of the map partici- 
yated in the work of the Conference: Dr. Tanov 
nd Dr. Koynov (Bulgaria), Dr. Stepanovic and 
Yr. Mate (Hungary), Dr. Kasch and Dr. Kundler 
GDR), Prof. Musierowicz (Poland), Prof. 
Yernescu (Rumania), Dr. Nemecek (Czechoslo- 
rakia), Academician Tyurin, Prof. Ivanova, and 
Yandidates of Sciences, Rozov, Fridland, 
Yerokhina, and Rudneva (USSR). Prof. Taver- 
ier (Belgium) and Dr. Muir (England) took 
art on behalf of the Information Center. The 
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Soviet Union was also represented by the 
editors and authors of the World Soil Map and 
soil map of Asia, Acad. Gerasimov, Dr. 
Lobova, Prof. Rozanov, and Candidate of 
Sciences Shuvalov. 


The Conference was opened at the Doku- 
chayev Soil Institute on June 22, 1959, by 
Acad. Tyurin. His opening statement included 
a short review of progress on the Soil Map of 
Europe. He remarked upon the great impor- 
tance of the soil cartography conferences held 
in Bucharest and Zagreb in 1958 and of the work 
done in all the countries engaged in the map's 
compilation. N.N. Rozov then explained the 
basic principles of the draft map legend up 
for discussion. He drew attention to obscure 
and controversial points which required special 
consideration. 


On June 23 and 24, reports were delivered 
by representatives of the countries working on 
the Soil Map of Eastern Europe. They set forth 
the results of their work and put forward obser- 
vations and proposals on the draft legend. The 
reports were accompanied by active discussion. 


On June 25, a field trip was made to Zagorsk 
District in Moscow Region. Its purpose was to 
acquaint the foreign scientists with sod-podzolic 
soils. This was of great interest, since the 
Conference had been discussing the problem of 
contrasting the soils of central, western and 
eastern Europe. 


On June 26, the Conference heard Prof. 
Tavernier's report on progress made with the 
western Europe soil map. He enumerated and 
described the soil-cartography data available 
and under preparation. Attention was drawn 
to the considerable differences between the 
soil-map legends of different countries: this 
had emerged particularly strikingly at the con- 
ference in the Ghent Information Center in May, 
1959. Prof. Tavernier also presented the draft 
of a collated legend for the southern group of 
western European countries. This was then 
discussed. 


The session of June 26 had begun with the 
Conference Chairman, Acad. Tyurin, giving a 
preliminary summary on some theoretical 
problems of the genesis and classification of 
brown forest sod-podzolic and certain other 
forest soils. Information reports on progress 
in compiling the new draft of the World Soil Map 
(Acad. I. P. Gerasimov) and the Soil Map of 
Asia (Dr. Ye.V. Lobova) were also heard. 


On June 26 and 27, sessions were held in 
two sections. One discussed soil-cartography 
problems connected with the northeastern group 
of countries; the other considered problems of 
the central and southern parts of eastern Europe. 
The legend and synonyms of soil nomenclature 
in different countries were examined and con- 
tour lines co-ordinated. As a result of this 
work, agreement was reached on obscure and 
disputed points in the map legend, and altera- 
tions and clarifications were incorporated in 
the material under review. 


This brought the proceedings of the Inter- 
national Working Conference on the Soil Map 
of Eastern Europe to a close. 


A detailed exposition of the questions con- 
sidered by the Conference and of the discussions 
held is not possible in this short review (the 
draft map legend contains over 150 soil symbols, 
quite apart from soil complexes, texture, and 
soil-forming parent materials. ) 


The Conference's main concern were prob- 
lems connected with the systematics of pod- 
zolic, brown forest, and chermozem soils. It 
was pointed out time and again that the differ- 
ences between podzolic and sod-podzolic soils 
are quite substantial, and it is probably as 
important to bring these out in classification as 
those distinguishing the sod-podzolic soils from 
the soils described as ''sol lessive" by French 
authors and ''Parabraunerde" by the Germans. 
In this connection it was suggested that podzolic 
and sod-podzolic soils be regarded as special 
types. It was proposed that sod-carbonate soils 
be distinguished only in the zone of podzolic 
soils. The suggestion was made that soils 
developed on strongly carbonate parent materials 


in the brown earths zone be called ''rendzinas." 


| 
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Considerable attention was paid to the | 
various brown forest (brown-earth) soils. The 
question was raised of the need to subdivide the 
heterogeneous group of brown forest soils and 
to distinguish a number of types in the group. 

It was proposed in particular that brown forest 
podzolized (illimerization) soils showing a 
sharply defined profile differentiation in tex- 
ture be regarded as an independent type. Geo- 
graphically they can be regarded as a type 
similar to the podzolic sod soils of eastern 
Europe. No final decision was reached on this 
group of problems. 


There was detailed discussion of the problem 
of subdividing the chernozems, their subdivi- 
sion into facial groups being the main center of 
interest. The concensus of opinion was that 
three separate categories of chernozems needed 
group designation—eastern European, central 
European, and southeastern European. 


The conference enabled much progress to 
be made in reconciling points of view on pro- 
blems concerning the genesis and classification 
of a number of soil groups. Note was taken of 
problems requiring further joint research. 


The presence of the scientists who are com- 
piling a soil map of the western European coun= 
tries enabled progress to be made towards 
agreement on the principles of a legend for 
the Soil Map of Eastern and Western Europe. 


The international working conference re-_ 
cognized the need for further collaboration on 
a broader basis in compiling soil maps for 
eastern and western Europe. This extension 
and development of contacts should be brought 
about through the exchange of literature and 
material. 


A further conference of compilers of the 
Soil Map of Eastern Europe attended by repre- 
sentatives of the team compiling the Western 
Europe map was regarded as desirable, with 
a view to discussing a final edition prior to 
the Seventh International Congress of Soil 
Science, to which the map is to be presented. 
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AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsidize 
translation and publication of important Russian literature in biology have been obtained from the National 
Science Foundation, as part of a larger program to encourage the exchange of scientific information between 
the two countries. The following monographs have been published: 


Origins of Angiospermous Plants. By A. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
68 pp. [13 illustrations] 8% x 10%4. $3.00, individuals and industrial libraries (U.S. & Canada) ; $2.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


Essays on the Evolutionary Morphology of Plants. By A. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
144 pp. [32 illustrations] 8% x 10%4. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. ; 


Problems in the Classification of Antagonists of Actinomycetes. By GC. F. Cause 
Edited by David Gottlieb. Translated by Fritz Danga 
165 pp. [18 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
AIBS members and all other libraries; $.50, additional, foreign. 


Arachnida. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. I. Pomerantzev. 
Edited by George Anastos. Translated by Alena Elbl. 
199 pp. [638 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 
AIBS members and all other libraries; $1.00, additional, foreign. 


Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin 
Translated and edited by A. Ratcliffe and A. M. Hughes ; ; 
567 pp. [705 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 


AIBS members and all other libraries; $1.00, additional, foreign. 


Marine Biology. Trudy Institute of. Oceanology. Vol. XX. Edited by B. N. Nikitin 
302 pp. [66 illustrations] 8% x 10%4. $10.00, individuals and industrial libraries; (U.S. & Canada) ; $7.50, 
AIBS members and all other libraries; $1.00, additional, foreign. 


Plants and Xrays. By L. P. Breslavets 


Editor of English Edition: Arnold H. Sparrow 
115 pp. [26 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 


AIBS members and all other libraries; $.50, additional, foreign. 


For orders and a FREE copy of our Publications Catalog listing all AIBS Publications, write to: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. 
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TRANSLATIONS OF 
RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 


DOKLADY: BIOLOGICAL SCIENCES SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 
Subscriptions: 

$20.00 per year, individuals and indus- $2.50 additional to each price, ice 2 

trial libraries (U.S.A. & Canada) $4.00 each, single copies 
$15.00 per year, AIBS members and all 

other libraries 


DOKLADY: BOTANICAL SCIENCES SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 
Subscriptions: 

$7.50 per year, individuals and indus- $1.50 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $1.50 each, single copies 
$5.75 per year, AIBS members and all 

other libraries 


DOKLADY: BIOCHEMISTRY SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1960, Vols. 130-135. 
Subscriptions: 

$15.00 per year, individuals and indus- $3.00 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $4.50 each, single copies 
$10.00 per year, AIBS members and all 

other libraries 


PLANT PHYSIOLOGY e FIZIOLOGIYA RASTENIY 


6 issues per year. First issues published: 1957. Vol. 4, Nos. 1-6. Current issues pub- 
lished: 1960, Vol. 7, Nos. 1-6. 
Subscriptions: 
$15.00 per year, individuals and indus- $2.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $3.00 each, single copies 
$11.00 per year, AIBS members and all 
other libraries 


MICROBIOLOGY e MIKROBIOLOGIYA 


6 issues per year. First issues published: 1957, Vol. 26, Nos. 1-6. Current issues poh 
lished : 1960, Vol. 29, Nos. 1-6. 


Bubechitttions: 
$20.00 per year, iadivaduals and indus- $2.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $4.00 each, single copies 
$15.00 per year, AIBS members and all 
other libraries 


SOVIET SOIL SCIENCE e POCHVOVEDENIYE 


ia per year. First issues published: 1958. Current issues published: Jan.-Dec. Ke 


Subscriptions: 


$40.00 per year, individuals and indus- $3.00 additional t h f 
trial libraries (U.S.A. & Canada) $4.50 each, siuélesee ice Bree tee 
$20.00 per year, AIBS members and all 
other libraries 


ENTOMOLOGICAL REVIEW 


ENTOMOLOGICHESKOYE OBOZRENIYE 


* ee cs year. First issues published: 1958. Current issues published: 1960, Vol. 39, 
os. 1-4. 


Subscriptions: 


$25.00 per year, individuals and indus- $3.00 addit lt h f 

trial libraries (U. S.A. & Canada) $7.50 maki Eine plage ft 
$12.00 per year, AIBS members and all 

other libraries 


Order from: 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. _ Washington 6, D.C. 


